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Description 

Background of the Invention 

[0001] The present invention relates to new dihydropyridine derivatives, and the use of the dihydropyridine derivatives 
as medicines. It is sad that the activation of N-type calcium channel is concerned with diseases such as enceThatopJ 
th.es caused by the ischemia in the acute phase after the onset of cerebral infarction, cerebral hemonhageXSna 
subarachnoidal bleeding) or the .ike; progressive neurodegenerative diseases, e. g. Ateheimer's disease? A?DS 5££ 
dementia; Parkmson's disease, dementia caused by cerebrovascular disorders and ALS; neuropathy caused bv head 
injury; vanous pains, e. g. sharp pain caused by spinal injury, diabetes or thromboangitis obliterans; pain after an 
ation; migraine and visceral pain; various diseases caused by psychogenic stress, e. g. bronchial asthrna unsSble 

ZTdSorL 6 " 8 "'? T T a,i ° n: en101i0na, diSOrder; drua ■***» w « hd ^a. syrSom!: e g e^ 
anol addiction wrthdrawal symptoms. The compounds of the present invention are effective in inhibiting the activation of 
N-type calcium channel and. therefore, they are usable as remedies for the above-described diseases 

J*? CalCiUm ^T'f T n ° W daSSified into Subtypes L " N ' P " Q ' R and T Each ° f ^e subtypes is distributed 
specially to organs Particularly. ,t is known that N-type calcium channe. is widely distributed in the central nerves 
penpheralnerves and adrenal medulla cells and that this calcium channel is concerned with the death of neurons con- 
trol of blood catecholamine dynamics and control of senses such as perceptivity. neurons, con 

Z*^™?- th3t ^f 8, ° me9a 0OnOtOxin GVIA and ome9a conotoxin MVIIA whi <* selectively inhibit 
the i function of N-type calcium channel mhibit the release of excitatory neurotransmitter from a brain slice sample It was 
confirmed by an.mal experiments that they prevent the advancement of neuron necrosis in a cerebrcvasculaTdisoid? 
It is generally considered that a compound having a clinical effect of inhibiting the function of N-type calcium channel is 
S enC , eph 1 al H °P athi ^ °— * hernia in the acute phase after the onseTof cerebral 

cerebral hemorrhage (including subarachnoidal bleeding) or the like; progressive neurodegenerative diseases e a 

ALS e rZ™ T Se: dem6ntia: ParWnS ° n ' S diS63Se: demen8a «~ d * csrebr^ascu^ 

r 86 ? y head ,nj " ry - additioa il was a,so confirmed b * animal experiments that omega conotoxin 
MVIIA gets nd of formal.n-caused sharp pain, hot plate pain, sharp pain caused by peripheral neuropathy etc. There- 
fore, this medicine is considered to be clinically effective for relieving various pains such as sharp pain caused by spinal 
njury diabetes or thromboangitis obliterans; pain after an operation; migraine; and visceral pain Further omega con£ 
InL?^ T^T ?k T ° , l catecho,amine from ^ed sympathetic ganglion ce.ls.Se consTnSon r2ct?n of 
an isolated blood vessel by the electric stimulation of governing nerves, and the acceleration of catecholamine secre- 
tion from dog adrenal medulla, etc. Therefore, it is considered that compounds having the N-type calcium channel- 
inhibiting acbvity are clinically effective in treating various diseases caused by psychogenic sfre* JT! TbTonchfal 
asthma, unstable angina and hypersensitive colon inflammation [Neuropharmacol 32 1141 (1993)1 
[0004] Although several peptide compounds and non-peptide compounds which'selectively react on the N-type cal- 
aum channel have been disclosed hitherto (for example. WO 9313128). they are not yet used as practical medicines 

fZZflT, T^^-^T feaCt °" *" N - type calcium channel also react °" othe r calcium channels than tte 
N-type calcium channel [Bntish Journal of Pharmacology. 122 (1). 37-42. 1997]. For example, compounds which are 
also antagonistic to L-type calcium channel, which deeply concern with the hypotensive effect, were incompatible with 

Ztt&^SXT ^ ef,k * CiOUS (SUCh aS Cerebra ' *«<**■ - P* ca -* - terminal 
Disclosure of the Invention 

[0005] An object of the present invention is to provide new compounds having a selectively antagonistic effect on N- 
type calcium channel. 

ESS A 2° ther ° bjeCt ° f * he preSent invention fe to P rovid e antagonists to the N-type calcium channel 
[0007] Still another object of the present invention is to provide remedies for encephalopathies caused bv the 
ischerrna in the acute phase after the onset of cerebral infarction or cerebral hemorrhage. Alzheimer's disease AIDS 
related dementia. Parkinson's disease, progressive^ neurodegenerative disease, neuropathy caused-by head 'injury 
sharp pain caused by thromboangitis obliterans, pain after operation, migraine, visceral pain, bronchial asthma unsta- 
ble angina, hypersensitive colon inflammation and drug addiction withdrawal symptoms 

[0008] The above-described objects and other objects of the present invention will be apparent from the following 
description and Examples. a 

[0009] The inventors synthesized various dihydropyridine derivatives, and made investigations on the effects of these 
newly synthes.zed compounds and known dihydropyridine derivatives for inhibiting the electric cunent of N-tyoe cal- 
cium channel. After the investigations, the inventors have found that some specified, new dihydropyridine derivatives 
have excellent, selective antagonistic effect on the N-type calcium channel. The present invention has been completed 
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on the basis of this finding. 

[001 0] Namely, the present invention provides dihydropyridine derivatives of following general formula (1 ) or pharma- 
ceuticaily acceptable salts thereof: 



A 




wherein A represents a group of following general formula (2), 1-naphthyl group, 2-naphthyl group , thiophene-2-yl 
group, furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group or pyridine-2-yl group: 




wherein R 1 , R 3 and R 5 may be the same or different from each other, and each represent hydrogen atom, a halogen 
atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl group, a lower alkoxyl group, 
a lower alkenyl group, a lower alkynyl group, a lower alkylamino group, a lower alkylthio group, a lower alkanoyl group, 
a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a halogeno-lower alkyl 
group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl group, an aryl-lower alkoxyl group, a lower aikoxycar- 
bonyl group or an aroyl group, and 

R 2 and R 4 may be the same or different from each other, and each represent hydrogen atom, a halogen atom, 
hydroxyl group, carboxyl group, amino group, cyano group, a lower alkyl group, a lower alkoxyl group, a lower alke- 
nyl group, a lower alkynyl group, a lower alkylamino group, a lower alkylthio group, a lower alkanoyl group, a 
hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a halogeno-lower alkyl 
group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl group, an aryl-lower alkoxyl group, a lower alkox- 
ycarbonyl group or an aroyl group, 

B represents carbamoyl group, cyano group, nitro group, acetyl group or carboxyl group, 

C represents hydrogen atom, methyl group, ethyl group or dimethoxymethyl group, 

D represents hydrogen atom, a lower alkyl group, a hydroxy-lower alkyl group or an aryl-lower alkyl group, 

E represents hydrogen atom, methyl group, ethyl group, dimethoxymethyl group or cyano group, 

F represents a group of following general formula (3), thiophene-3-yl group, thiophene-2-yl group, furan-3-yl group. 

furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group or pyridine-2-yl group: 
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R 6 R 7 




(3) 



wherein R 6 , R 7 , R 8 , R 9 and R 10 may be the same or different from each other, and each represent hydrogen atom, 
a haiogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl group, a lower 
alkoxyl group, a lower alkenyl group, a lower alkynyl group, a lower alkylamino group, a lower alkylthio group, a 
lower alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a 
halogeno-lower alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl group, an aryl-lower alkoxyl 
group, a lower alkoxycarbonyl group or an aroyl group, 
X represents an interatomic bond, -CH 2 -, -CH 2 CH 2 -, -CH=CH-or -C=C-, and 
Y represents a group of any of following general formulae (4) to (13): 
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wherein two of R 1 to R 3 may be bonded together to form a ring. 

[001 1 ] The present invention also provides compounds of the above general formula (1 ) wherein A, C, D, E and X are 
as defined above, 

R 1 . R 2 , R 3 , R 4 and R 5 may be the same or different from each other, and each represent hydrogen atom, a halogen 
atom, hydroxyl group, carboxyl group, cyano group, nitro group, a lower alkyl group, a lower alkoxyl group, a halog- 
eno-lower alkyl group or a lower alkoxycarbonyl group, with the proviso that either R 2 or R 4 must be nitro group, 
B represents carbamoyl group, nitro group or acetyl group, 

F represents a group of general formula (3). cyclohexyl group, thiophene-3-yl group, thiophene-2-yl group, furan-3- 
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yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group or pyridine-2-yl group, 

R 6 , R 7 , R 8 , R 9 and R 10 may be the same or different from each other, and each represent hydrogen atom, a halo- 
gen atom, hydroxyl group, carboxyl group, a lower alky! group, a lower alkoxyl group or a lower alkoxycarbonyl 
group, and 

Y represents a group of any of general formulae (4) to (12). 

[001 2] The present invention also provides an antagonist to the N-type calcium channel, which contains a dihydropy- 
ridine derivative of following general formula (1) or a pharmaceutical^ acceptable salt thereof as the active ingredient: 

A 



X O 




wherein A represents a group of following general formula (2), 1-naphthyl group, 2-naphthyl group, thiophene-3-yl 
group, thiophene-2-yl group, furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group or pyridine-2-yl 
group: 




wherein R 1 , R 2 , R 3 , R 4 and R 5 may be the same or different from each other, and each represent hydrogen atom, a 
halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl group, a lower 
alkoxyl group, a lower alkenyl group, a lower alkynyl group, a lower alkylamino group, a lower alkylthlo group, a lower 
alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a halogeno- 
lower alkyl group, a haldgeho-lower alkoxyl group, a halogeno-lower alkenylgrbup, an aryl-lower alkoxyl group, a lower 
alkoxycarbonyl group or an aroyl group, 

B represents carbamoyl group, cyano group, nitro group, acetyl group or carboxyl group, 

C represents hydrogen atom, methyl group, ethyl group or dimethoxymethyl group, 

D represents hydrogen atom, a lower alkyl group, a hydroxy-lower alkyl group or an aryl-lower alkyl group, 

E represents hydrogen atom, methyl group, ethyl group, dimethoxymethyl group or cyano group, 

F represents a group of following general formula (3), cyclohexyl group, thiophene-3-yl group, thiophene-2-yl group, 
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furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group or pyridine-2-yl group: 




wherein R 6 , R 7 , R 8 , R 9 and R 10 may be the same or different from each other, and each represent hydrogen atom, 
a halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl group, a lower 
alkoxyl group, a lower alkenyl group, a lower alkynyl group, a lower alkytamino group, a lower alkylthio group, a 
lower alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a 
halogeno-lower alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl group, an aryl-lower alkoxyl 
group, a lower alkoxycarbonyl group or an aroyl group. 
X represents an interatomic bond, -CH 2 -. -CH 2 CH 2 -, -CH=CH-or -OC-, and 
Y represents a group of any of following general formulae (4) to (16): 
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[001 3] The present invention further provides a medicine containing the above-described dihydropyridine derivative 
or a pharmaceutical^ acceptable salt thereof as the active ingredient, and usable for any of encephalopathies caused 
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by the ischemia in the acute phase after the onset of cerebral infarction, cerebral hemorrhage, Alzheimer's disease, 
AIDS related dementia, Parkinson's disease, progressive neurodegenerative disease, neuropathy caused by head 
injury, sharp pain caused by thromboangitis obliterans, pain after an operation, migraine and visceral pain, bronchial 
asthma, unstable angina, hypersensitive colon inflammation, and drug addiction withdrawal symptoms. 
[0014] The present invention also provides a medicinal composition containing the above-described dihydropyridine 
derivative or a pharmaceutical^ acceptable salt thereof, a carrier and/or a diluent. 

Best Mode for Carrying out the Invention 

[0015] The term "lower" herein indicates that the group has 1 to 6 carbon atoms. The alkyl groups themselves and 
the alkyl groups in the alkoxyl, alkenyl, alkylamino, alkyrthio and alkanoyl groups may be either linear or branched. The 
alkyl groups are, for example, methyl group, ethyl group, propyl group, isopropyl group, butyl group and secondary and 
tertiary butyl groups. Among them, those having 1 to 3 carbon atoms are preferred. The aryl-lower alkoxyl groups 
include, for example, benzyloxy group. The halogen atoms indicate fluorine, chlorine, bromine and iodine atoms. Exam- 
ples of the aryl groups include phenyl group and substituted phenyl groups, and the substituents thereof are particularly 
halogens, alkyl groups and alkoxyl groups. Examples of the aroyl groups include benzoyl group and pyridylcaibonyl 
group. 

[001 6] In general formula (2) for the medicine containing the above-described dihydropyridine derivative or a pharma- 
ceutically acceptable salt thereof as the active ingredient and usable for any of N-type calcium channel antagonists, 
encephalopathies caused by the ischemia in the acute phase after the onset of cerebral infarction, cerebral hemor- 
rhage, Alzheimer's disease, AIDS related dementia, Parkinson's disease, progressive neurodegenerative disease, neu- 
ropathy caused by head injury, sharp pain caused by thromboangitis obliterans, pain after an operation, migraine and 
visceral pain, bronchial asthma, unstable angina and hypersensitive colon inflammation, and drug addiction withdrawal 
symptoms, R 1 , R 2 , R 3 , R 4 and R 5 may be the same or different from each other, and each preferably represent hydro- 
gen atom, a halogen atom, hydroxyl group, carboxyl group, cyano group, nitro group, a lower alkyl group, a lower alkoxyl 
group, a halogeno-lower alkyl group or a lower alkoxycarbonyl group. 

[001 7] Preferably. A in general formula (1 ) is represented by general formula (2) wherein R . R , R and R each rep- 
resent hydrogen atom, and R 2 represents chlorine atom, bromine atom, iodine atom or cyano group. B represents car- 
boxyl group, C represents methyl group, D represents hydrogen atom, E represents methyl group, F represents phenyl 
group. X represents an interatomic bond, and Y is represented by general formula (1 1). 

[0018] In the present invention, preferred dihydropyridine derivatives are those of general formula (1) or pharmaceu- 
tically allowable salts thereof, wherein R 1 , R 3 and R 5 in general formula (2) may be the same or different from each 
other, and they each represent hydrogen atom, a halogen atom, hydroxyl group, carboxyl group, cyano group, nitro 
group, a lower alkyl group, a lower alkoxyl group, a halogeno-lower alkyl group or a lower alkoxycarbonyl group, and 

R 2 and R 4 may be the same or different from each other, and they each represent hydrogen atom, a halogen 
atom, hydroxyl group, carboxyl group, cyano group, a lower alkyl group, a lower alkoxyl group, a halogenoalkyl group or 
a lower alkoxycarbonyl group (preferred embodiment I). 

[001 9] Preferably, D is hydrogen atom, X is the interatomic bond and Y is the group of formula(1 1). 
[0020] B is preferably carboxyl group. 

[0021 ] In preferred embodiment I, A is represented by general formula (2) wherein R . R , R and R each represent 
hydrogen atom, and R 2 represents chlorine atom, bromine atom, iodine atom or cyano group, B represents carboxyl 
group, C represents methyl group, D represents hydrogen atom, E represents methyl group, F represents phenyl group 
and X represents the interatomic bond. 

[0022] Also preferably, A is represented by general formula (2) wherein R 1 , R 3 , R and R each represent hydrogen 
atom, and R 2 represents chlorine atom, bromine atom, iodine atom or cyano group, B represents carboxyl group. C rep- 
resents methyl group. D represents hydrogen atom, E represents methyl group, F represents phenyl group and Y is rep- 
resented by formula (1 1). 

[0023] Preferably, A is represented by general formula (2) wherein R 1 , R , R 4 and R 5 each represent hydrogen atom, 
and R 2 represents chlorine atom, bromine atom, iodine atom or cyano group, C represents methyl group and E repre- 

— sents methyl group . _ . 

[0024] Preferably. A is represented by general formula (2) wherein R 1 , R. R 4 and R 5 each represent hydrogen atom, 
and R 2 represents chlorine atom, bromine atom, iodine atom or cyano group, C represents hydrogen atom or methyl 
group and F represents phenyl group. 

[0025] In preferred embodiment I. A is represented by general formula (2) wherein R 1 . R* 5 . R and R each represent 
hydrogen atom, and R 2 represents chlorine atom, bromine atom, iodine atom or cyano group. B represents carboxyl 
group, C represents methyl group, E represents methyl group, F represents phenyl group, X represents the interatomic 
bond and Y is represented by formula (11)- 

[0026] Preferably, A is represented by general formula (2) wherein R 1 . R 3 , R 4 and R each represent hydrogen atom, 
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and R 2 represents chlorine atom, bromine atom, iodine atom or cyano group, E represents methyl group and F repre- 
sents phenyl group. 

[0027] Preferably, A is represented by general formula (2) wherein R 1 , R 3 , R 4 and R 5 each represent hydrogen atom, 
and R 2 represents chlorine atom, bromine atom, iodine atom or cyano group, C represents methyl group, E represents 
5 methyl group and F represents phenyl group. 

[0028] Preferably, C represents methyl group, E represents methyl group and F represents phenyl group. 

[0029] Preferably, A is represented by general formula (2) wherein R 1 , R 3 , R 4 and R 5 each represent hydrogen atom, 

and R 2 represents chlorine atom, bromine atom, iodine atom or cyano group. 

[0030] Preferred dihydropyridine derivatives or pharmaceutically acceptable salts thereof are those of the general for- 
io mula (1) wherein A represents a group of above general formula (2) wherein R 1 and R 3 may be the same or different 
from each other, and each represent hydrogen atom, a halogen atom, hydroxyl group, amino group, nitro group, a lower 
alkyl group, a lower aJkoxyl group, a lower alkenyl group, a lower alkylamino group, a lower alkylthio group, a lower 
alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a halogeno- 
lower alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl group, an aryl-lower alkoxyl group or an 
75 aroyl group, 

R 2 represents hydrogen atom, a halogen atom, hydroxy! group, amino group, a lower alkyl group, a lower alkoxyl 
group, a lower alkenyl group, a lower alkylamino group, a lower alkylthio group, a lower alkanoyl group, a hydroxy- 
lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a halogeno-lower alkyl group, a 
20 halogeno-lower alkoxyl group, a halogeno-lower alkenyl group, an aryl-lower alkoxyl group or an aroyl group, and 
R 4 and R 5 each represent hydrogen atom, with the proviso that two of R 1 to R 3 may form a ring together, 
B represents carboxyl group, 
C represents methyl group, 

D represents hydrogen atom, a lower alkyl group, a hydroxy-lower alkyl group or an aryl-lower alkyl group, 

25 E represents methyl group, 

F represents a group of general formula (3) wherein R 6 , R 7 , R 8 , R 9 and R 10 may be the same or different from each 
other, and each represent hydrogen atom, a halogen atom, hydroxyl group, amino group, nitro group, a lower alkyl 
group, a lower alkoxyl group, a lower alkenyl group, a lower alkylamino group, a lower alkylthio group, a lower 
alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a halog- 

30 eno-lower alkyl group, a halogeno-lower alkoxyl group, an aryl-lower alkoxyl group or an aroyl group, 
X represents an interatomic bond, and 
Y represents a group of formula (5), (1 1 ) or (1 2). 

[0031] The present invention further provides an N-type calcium channel antagonist, a medicinal composition and a 
35 medicine containing the above-described, preferred dihydropyridine derivative or a pharmaceutically acceptable salt 
thereof as the active ingredient, and usable for any of encephalopathies caused by the ischemia in the acute phase after 
the onset of cerebral infarction, cerebral hemorrhage, Alzheimer's disease, AIDS related dementia. Parkinson's dis- 
ease, progressive neurodegenerative disease, neuropathy caused by head injury, sharp pain caused by thromboangitis 
obliterans, pain after an operation, migraine and visceral pain, bronchial asthma, unstable angina, hypersensitive colon 
40 inflammation, and drug addiction withdrawal symptoms. 

[0032] The dihydropyridine derivatives (1) of the present invention can be produced by processes described below. 
[0033] For example, dihydropyridine derivatives (1 -1) wherein D is hydrogen atom and B is carboxyl group can be pro- 
duced according to the following flow chart: 
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45 wherein A, F, X and Y are as defined above. 

[0034] Namely, a dihydropyridinedicarboxylic acid diester (22) can be obtained by reacting an aldehyde (1 7), a 3-ami- 
nocrotonic ester (18) and 2-cyanoethyl acetoacetate (19), or by reacting the aldehyde (17), an acetoacetic ester (20) 
and 2-cyanoethyl 3-aminocrotonate (21). Then the dihydropyridinedicarboxylic acid diester thus obtained is treated with 
a base such as sodium hydroxide to obtain a dihydropyridinecarboxylic acid derivative (1-1) of the present invention. 

so [0035] Further, the dihydropyridine derivatives. (1-1 ) can be obtained according to the following flow chart: 
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[0036] Namely, a cyanoethyl benzyl dihydropyridinedicarboxylate (24) can be obtained by reacting an aldehyde (17), 
benzyl acetoacetate (23) and 2-cyanoethyl 3-aminocrotonate (21). Then the obtained ester (24) is hydrogenated in 
ethyl acetate in the presence of a palladium catalyst to obtain monocyanoethyl dihydropyridinedicarboxylate (25). This 
ester (25) is reacted with an alcohol (26) in the presence of a condensing agent such as WSC to obtain a dihydropyri- 
dinedicarboxylic acid diester (22), which is then treated with a base such as sodium hydroxide to obtain a dihydropyri- 
dinecarboxylic acid derivative (1-1) of the present invention. 

[0037] Dihydropyridinecarboxylic acid derivatives (1-2) wherein the substituent of the ester is a carboxyl group-sub- 
stituted cinnamyl can be obtained by the following process: 
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[0038] Namely, dihydropyridinecarboxylic acid derivatives (1 -2) of the present invention can be produced by subject- 
ing a dihydropyridinedicarboxylic ester (28) to Heck reaction in the presence of a palladium catalyst and then treating 
the reaction product with a base such as sodium hydroxide. 

[0039] Dihydropyridine derivatives (1 -3) wherein B is carbamoyl group can be produced by reacting an aldehyde (1 7), 
a 3-aminocrotonic ester (18) and acetoacetamide (31) according to the following flow chart: 
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wherein A, D, F, X and Y are as defined above. 

[0040] Dihydropyridine derivatives (1-4) wherein B is cyano group can be produced by reacting an aldehyde (17), 
acetoacetic ester (20) and 3-aminocrotonitrile (32) according to the following flow chart: 
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[0041] Dihydropyridine derivatives (1 -5) wherein B is nitro group can be produced by reacting an aldehyde (17), a 3- 
aminocrotonic ester (18) and nitroacetone (33) according to the following flow chart: 
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wherein A, D, F, X and Y are as defined above. 
30 [0042] Dihydropyridine derivatives (1-6) wherein B is acetyl group can be produced by reacting an aldehyde (17), a 
3-aminocrotonic ester (18) and acetylacetone (34) according to the following flew chart: 
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wherein A, D, F, X and Y are as defined above. 

[0043] Dihydropyridine derivatives (1 -7) wherein D is a substituent other than hydrogen atom and B is carboxyl group 
can be produced by, for example, as follows: An aldehyde (17), a 3-aminocrotonic ester (18) and 2-trimethylsilylethyl 
acetoacetate (35) are reacted together to obtain a dihydropyridinedicarboxylic diester (36), which is then reacted with 
an atkyl halide or the like in the presence of a base such as sodium hydride to obtain a product (37), which is treated 
with, for example, tetrabutylammonium fluoride to obtain a dihydropyridine derivative (1-7) wherein D is substituted. 
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wherein A, D, F. X and Y are as defined above. 
55 [0044] Dihydropyridine derivatives (1-8) wherein E is hydrogen atom can be produced from, for example, an acety- 
lenecarboxylic ester (38) according to the following flow chart: 
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wherein A, F, X and Y are as defined above. 
35 [0045] Dihydropyridine derivatives (1 -9) wherein C is hydrogen atom can be produced from, for example, an acety- 
lenecarboxylic ester (41) according to the following flow chart: 
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wherein A, F, X and Y are as defined above. 

[0046] Dihydropyridine derivatives (1-10) wherein both C and E are each hydrogen atom can be produced from, for 
example, acetylenecarboxylic esters (38) and (41) according to the following flow chart: 
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wherein A, F, X and Y are as defined above. 
35 [0047] Dihydropyridine derivatives (1-11) wherein E is ethyl group can be produced from, for example, 3-oxovaleric 
esters (45) according to the following flow chart: 



40 



45 



50 



55 



20 



10 



15 



20 



25 



30 



35 



40 



A 

I 

X 



O^H 
(17) 



base 



EP 0 985 667 A1 



Et ^Y 
O O 

(45) 



O- Y-F + Me V^ 
H,N O 



(21) 



A 
I 

X 



NC, 



Et 

H 



Y-F 



(46) 



A 
J 

X 



HO 



(1-11) 



Et 

H 



*CN 



wherein A, F. X and Y are as defined above. 

[0048] Dihydropyridine derivatives (1 -1 2) wherein C is ethyl group can be produced from, for example, trimethylsilyl 
3-oxovaleric ester (47) according to the following flow chart: 
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35 wherein A, F, X and Y are as defined above. 

[0049] Dihydropyridine derivatives (1-13) wherein E is dimethoxy methyl group can be produced from, for example, 
ketoesters (49) according to the following flow chart: 
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wherein A. F, X and Y are as defined above. 

[0050] Dihydropyridine derivatives (1 -1 4) wherein E is cyano group can be produced according to the following flow 
chart Namely, they can be produced by the acid treatment of dihydropyridine diesters (51) with an acid, followed by the 
conversion of the product into an oxime, dehydration reaction and hydrolysis. 
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wherein A, F, X and Y are as defined above. 
40 [0051 ] When 3-ami nocrotonic esters (1 8) used as the starting materials are not well-known, they can be produced by, 
tor example, heating an alcohol (26) with a diketene (54) and a suitable base to obtain an acetoacetic ester (20) and 
then reacting the ester (20) with an amine or ammonium acetate. 
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wherein D, F and Y are as defined above. 

[0052] When the compounds of general formula (1 ) of the present invention can form salts, the salts must be phar- 
maceutically acceptable ones. The salts are ammonium salts, salts with alkali metals such as sodium and potassium, 
salts with alkaline earth metals such as calcium and magnesium, aluminum salts, zinc salts, salts with organic amines 
such as morpholine and piperidine. and salts with basic amino acids such as arginine and lysine. 
[0053] The compounds of general formula (1 ) or safts thereof can be administered as they are or in the form of various 
medicinal compositions. The forms of the medicinal compositions are, for example, tablets, powders, pills, granules, 
capsules suppositories, solutions, sugar-coated tablets and depots. They can be prepared with an ordinary assistants 
such as carriers and diluents. For example, tablets can be prepared by mixing the dihydropyridine derivative used as 
the active ingredient of the present invention with a known assistant material such as an inert diluent, e. g. lactose, cal- 
cium carbonate or calcium phosphate; a binder, e. g. acacia, corn starch or gelatin; an excipient. e. g. alginic acid, corn 
starch or pregelatinized starch; a sweetening agent, e. g. sucrose, lactose or saccharin; a flavoring agent, e. g. pepper- 
40 mint or cherry; and magnesium stearate, talc or carboxymethylcellulose. 

[0054] The N-type calcium channel antagonists containing one of the compounds of general formula (1) and salts 
thereof are usable as therapeutic agents tor any of encephalopathies caused by the ischemia in the acute phase after 
the onset of cerebral infarction, cerebral hemorrhage (including subarachnoidal bleeding) or the like; progressive neu- 
rodegenerative diseases, e. g. Alzheimer's disease; AIDS related dementia; Parkinson's disease; dementia caused by 
cerebrovascular disorders and ALS; various pains, e. g. neuropathy caused by head injury; sharp pain caused by spinal 
injury, diabetes or thromboangitis obliterans; pain after an operation; migraine and visceral various diseases caused by 
psychogenic stress, e. g. pain; bronchial asthma; unstable angina and hypersensitive colon inflammation; emotional 
disorder; and drug addiction withdrawal symptoms, e. g. ethanol addiction withdrawal symptoms. 
[0055] The dosage of the therapeutic agent used for the above-described purpose varies depending on the intended 
therapeutic effect method of administration, period of therapy, age, body weight, etc. Usually, it is given to adults in an 
amount of 1 jig to 5 g / day in the oral administration, and 0.01 |ig to 1 g / day in the parenteral administration. 
[0056] The following Examples will further illustrate the preferred embodiments of the present invention, which by no 
means limit the invention. 
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Example 1 Synthesis of mono(3-phenyl-2-propene-1-yl) 2 f 6-ciimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3 ( 5-dicarboxy- 
late: 

[0057] 465 mg (3.0 mmol) of 2-cyanoethyl acetoacetate, 654 mg (3.01 mmol) of cinnamyl 3-aminocrotonate and 0.305 
ml (3.0 mmol) of benzaldehyde were heated at 70°C under stirring in 15 ml of 2-propanol overnight. 2-Propanol was 
evaporated under reduced pressure, and the residue was purified by the silica gel chromatography (hexane / ethyl ace- 
tate = 2/1 ) to obtain the title compound. 

Yield: 679 mg (1.53 mmol) (51 .1 %) 
MS (ESI, m/z) 443 (M+H) + 

1 H-NMR (CDCI 3 ): 2.36 (6H, s), 2.59 (2H. t), 4.20-4.32 (2H, m), 4.64-4.80 (2H, m), 5.03 (1H, s), 5.70 (1H, s), 6.23 
(1H, dt), 6.50 (1H, d), 7.10-7.37 (10H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1 -yl) 2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate: 

[0058] 207 mg (0.47 mmol) of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 2,6-dimethyl-4-phenyl-1 ,4-dihydropyrid- 
ine-3,5<iicarboxylate was dissolved in 4 ml of methanol. 1 ml of 1 N aqueous sodium hydroxide solution was added to 
the obtained solution, and they were stirred at room temperature for 2 hours. 2 N hydrochloric acid was added to the 
resultant mixture, and methanol was evaporated under reduced pressure. After the extraction with ethyl acetate, the 
organic layer was dried over anhydrous sodium sulfate and concentrated under reduced pressure. The residue was 
washed with hexane / ethyl acetate (1 :1) and dried under reduced pressure to obtain the title compound. 

Yield: 119 mg (0.31 mmol) (65.3 %) 
MS (ESI. m/z) 390 (M+H) + 

1 H-NMR (DMSO-d 6 ): 2.25 (3H, s), 2.29 (3H. s). 4.58-4.76 (2H. m). 4.94 (1H. s). 6.31 (1H. dt). 6.50 (1H. d). 7.06- 
7.40(10H, m). 8.77 (1H, s). 11.66 (1H. brd) 

Example 2 Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(2-nitrophenyl)-1 f 4-dihydropyridine-3 f 5-dicar- 
boxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 2,6-dimethy1-4-(2-nitrophenyl)-1,4-dihydropyridine-3.5- 
dicarboxylate: 

[0059] The title compound was obtained from 780 mg (5.03 mmol) of 2-cyanoethyl acetoacetate, 1 .087 g (5.00 mmol) 
of cinnamyl 3-aminocrotonate and 755 mg (5.00 mmol) of 2-nitrobenzaldehyde in the same manner as that of Example 
1-1). 

Yield: 1.41 g (2.89 mmol) (57.7 %) 
MS (ESI, m/z) 51 0 (M+Na) + 

1 H-NMR (CDCI3): 2.35 (3H, s), 2.36 (3H. s), 2.66 (2H t t), 4.09-4.32 (2H, m), 4.59-4.76 (2H, m), 5.71 (1H, s). 5.82 
(1H. s), 6.22 (1H, dt), 6.48 (1H, d), 7.20-7.36 (6H, m), 7.43-7.54 (2H, m), 7.70 (1H, d) 

2) Synthesis of mono(3-phenyl-2-propene-1 -yi) 2,6-dimethyl-4-(2-nitrophenyl)-1 ,4-dihydropyridine-3,5<licarboxylate: 

[0060] 894 mg (1.83 mmol) of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 2,6-dimethyl-4-(2-nitrophenyl)-1,4-dihy- 
dropyridine-3,5-dicarboxylate was dissolved in 1 5 ml of methanol. 3.5 ml of 1 N aqueous sodium hydroxide solution was 
added to the resultant solution, and they were stirred at room temperature for 2.5 hours. 2 N hydrochloric acid was 
added to the resultant mixture. Methanol was evaporated under reduced pressure. After the extraction with ethyl ace- 
tate, the organic layer was dried over anhydroussodiurrf sulfate and concentrated under reducied pressure. The residue 
was purified by the silica gel chromatography (chloroform / methanol = 50/1) to obtain the title compound. 

Yield: 459 mg (1.06 mmol) (57.7%) 
MS (ESI, m/z) 457 (M+Na) + 

1 H-NMR (CDCI3): 2.32 (3H, s), 2.35 (3H, s), 4.58-4.74 (2H, m), 5.70 (1H, s), 5.80 (1H, s), 6.18 (1H, dt), 6.43 (1H, 
d), 7.18-7.32 (6H, m), 7.40-7.53 (2H, m) f 7.64 (1H, d) 
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Example 3 Synthesis ol mono(3-phenyl-2-propene-1-yl) 4-(3-cyanophenyl).2,6-dimethyl-1 f 4-dihydropyridine-3,5-dicar. 
boxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-cyanophenyl)-2,6-dimethyl-1.4<Jihydropyridine-3,5- 
dicarboxylate 

[0061 ] The title compound was obtained from 784 mg (5.05 mmol) of 2-cyanoethyl acetoacetate. 1 .083 g (4.98 mmol) 
of cinnamyl 3-aminocrotonate and 661 mg (5.04 mmol) of 3-cyanobenzaldehyde in the same manner as that of Exam- 
ple 1-1). 

Yield: 1.68 g (3.58 mmol) (72.0 %) 
MS (ESI, m/z) 490 (M+Na) + 

1 H-NMR (CDCI 3 ): 2.38 (6H. s). 2.62 (2H. t). 4.18-4.31 (2H, m), 4.64-4.79 (2H. m), 5.06 (1H, s), 5.81 (1H, s), 6.22 
(1H, dt), 6.54 (1H, d), 7.24-7.38 (6H, m), 7.40-7.45 (1H, m), 7.55-7.62 (2H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1 -yl) 4-(3-cyanophenyl)-2 l 6-dimethyl-1,4-dihydropyridine-3,5-dicarboxytate: 

[0062] 1.160 g (2.48 mmol) of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-cyanophenyl) -2, 6-di methyl- 1,4-dihy- 
dropyridine-3.5^icarboxylate was dissolved in 30 ml of methanol. 5 ml of 1 N aqueous sodium hydroxide solution was 
added to the resultant solution, and they were stirred at room temperature for 2 hours. 2 N hydrochloric acid was added 
to the resultant mixture. Methanol was evaporated under reduced pressure. Water was added to the residue, and the 
solid was taken by the filtration, washed with hexane / ethyl acetate (1:1) and dried under reduced pressure to obtain 
the title compound. 

Yield: 737 mg (1.78 mmol) (71 .8 %). 
MS (ESI, m/z)413(M-H)- 

1 H-NMR (DMSO-de): 2.27 (3H, s). 2.31 (3H, s). 4.55-4.76 (2H. m). 4.96 (1H, s), 6.31 (1H. dt). 6.50 (1H. d). 7.20- 
7.62 (9H. m). 8.91 (1 H. s). 1 1 .78 (1 H. brd) 

Example 4 Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicar- 
boxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2.6-dimethyl-1,4-dihydropyridine-3.5- 
dicarboxylate 

[0063] The title compound was obtained from 776 mg (5.0 mmol) of 2-cyanoethyl acetoacetate. 1 .086 g (5.0 mmol) 
of cinnamyl 3-aminocrotonate and 0.566 ml (5.0 mmol) of 3-chlorobenzaldehyde in the same manner as that of Exam- 
ple 1-1). 

Vield: 1.514 g (3.18 mmol) (64 %) 
MS (ESI. m/z) 499 (M+Na) + 

'H-NMR (CDCI3): 2.37 (6H, s), 2.61 (2H. t), 4.19-4.33 (2H. m). 4.64-4.80 (2H. m), 5.01 (1H, s). 5.72 (1H. bs). 6.24 
(1H, dt). 6.53 (1H, d), 7.1 1-7.38 (9H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1 -yl) 4-(3-chlorophenyl)-2,6<Jimethyl-1,4-dihydropyridine-3.5-dicarboxylate: 

[0064] 508 mg (1 .07 mmol) of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihy- 
dropyridine-3.5<Jicarboxylate was dissolved in 10.7 ml of methanol. 2.14 ml of 1 N aqueous sodium hydroxide solution 
was added to the resultant solution, and they were stirred at room temperature for 13 hours. 2 N hydrochloric acid was 
added to the resultant mixture. Methanol was evaporated under reduced pressure. After the extraction with ethyl ace- 
tate, the organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced pressure. The 
residue was washed with hexane / ethyl acetate (1:1) and dried under reduced pressure to obtain the title compound. 

Yield: 286 mg (0.675 mmol) (63 %). 
MS (ESI, m/z) 422 (M-H)* 

1 H-NMR (DMSO-d 6 ): 2.26 (3H. s). 2.30 (3H, s). 4.59-4.77 (2H. m), 4.93 (1H, s), 6.32 (1H, dt), 6.51 (1H, d), 7.10- 
7.41 (9H,m),8.85 (1H, s) 
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Example 5 Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(2,3-dchlorophenyI)-2,,6-dirnethyl-1,4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(2 p 3-dichlorophenyl)-2,6-dimethyl-1,4<iihydropyridine- 
3,5-dicarboxylate: 

[0065] The title compound was obtained from 776 mg (5.0 mmol) of 2-cyanoethyl acetoacetate, 1 ,086 mg (5.0 mmol) 
of cinnamyl 3-aminocrotonate and 875 mg (5.0 mmol) of 2,3-dichlorobenzaldehyde in the same manner as that of 
Example 1-1). 

Yield: 1.745 g (3.42 mmol) (68 %) 
MS (ESI, m/z) 533 (M+Na) + 

1 H-NMR (CDCI 3 ): 2.33 (6H, S), 2.63 (2H, t), 4.23 (2H f t), 4.62-4.76 (2H, m), 5.48 (1H, S), 5.75 (1H, bs), 6.19 (1H. 
dt), 6.47 (1H, d), 7.04-7.35 (8H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1 -yl) 4-(2 l 3-dichlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxy- 
late: 

[0066] The title compound was obtained from 556 mg (1 .09 mmol) of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 4- 
(2,3-dichlorophenyl)-2,6<Jimethyt-1 ,4-dihydropyridine-3.5-dicarboxylate in the same manner as that of Example 4-2). 

Yield: 167 mg (0.364 mmol) (33 %) 
MS (ESI, m/z) 456 (M-H)" 

1 H-NMR (DMSO-d 6 ): 2.22 (3H, s), 2.25 (3H, s), 4.54-4.70 (2H, m), 5.35 (1H. s), 6.23 (1H, dt), 6.39 (1H, d), 7.20- 
7.39 (8H, m). 8.82 (1H, s) 

Example 6 Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-tr*rfluoromethylphenyl)-2,6-dimethyl-1 i 4-dihydropyridine- 
3,5-dicarboxylate: 

1) Synthesis ol 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-trifluoromethylphenyl)-2,6-dimethyl-1,4-dihydropyrid- 
ine-3,5-dicarboxylate: 

[0067] The title compound was obtained from 466 mg (3.0 mmol) of 2-cyanoethyl acetoacetate, 652 mg (3.0 mmol) 
of cinnamyl 3-aminocrotonate and 522 mg (3.0 mmol) of 3-trifluoromethylbenzaldehyde in the same manner as that of 
Example 1-1). 

Yield: 765 g (1 .50 mmol) (50 %) 
MS (ESI, m/z) 533 (M+Na) + 

1 H-NMR (CDCI3): 2.38 (6H, s), 2.60 (2H, t), 4.20-4.29 (2H. m), 4.68-4.74 (2H, m), 5.08 (1H, s), 5.75 (1H, bs), 6.22 
(1H, dt), 6.53 (1H, d), 7.22-7.54 (9H, m) 

2) Synthesis ol mono(3-phenyl-2-propene-1 -yl) 4-(3-trifluoromethylphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicar- 
boxylate: 

[0068] The title compound was obtained from 756 mg (1 .48 mmol) of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4- 
(3-tr*rfluoromethylphenyl)-2,6-dimethyl-1,4-dihydropyridine-3 ( 5-dicarboxylate in the same manner as that of Example 4- 
2). 

Yield: 186 mg (0.407 mmol) (27 %) 
MS (ESI. m/z) 456 (M-H)" 

1 H- N M R ( DMSO-dg) : 2 . 27 (3K s), 2.31 (3H, s), 4.58-4.74 (2H, m), 5 01 (1H, s). 6.30 (1H, dt), 6.49 (1H, d). 7!25- 
7.48 (9H, m). 8.90 (1H, s) 
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Example 7 Synthesis of mono(3-phenyl-2-propene-1 -yl) 4-(3-fluorophenyl)-2,6-dimethyl-1 ,4<iihydropyridine-3,5-dicar- 
boxylate: 

1) Synthesis of 5-(3-pheny!-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-fluorophenyl)-2,6-d«methyl-1 I 4-dihydropyridine-3 f 5- 
dicarboxylate 

[0069] The title compound was obtained from 578 mg (3.72 mmol) of 2-cyanoethyl acetoacetate, 81 1 mg (3.73 mmol) 
of cinnamyl 3-aminocrotonate and 0.39 ml (3.68 mmol) of 3-f luorobenzaldehyde in the same manner as that of Example 

1-1). 

Yield: 1.162 g (2.52 mmol) (68.6 %) 
MS (ESI. m/z) 459 (M-H)* 

1 H-NMR (CDCI 3 ): 2.37 (6H, S). 2.62 (2H, t), 4.20-4.34 (2H t m), 4.65-4.82 (2H. m), 5.04 (1 H, s). 5.76 (1H, s), 6.24 
(1H, dt, J=16Hz), 6.53 (1 H, d. J=16Hz). 6.79-6.87 (1H t m), 6.96-7.02 (1H, rn). 7.08-7.22 (2H, m), 7.23-7.38 (5H. m) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-fluorophenyl)-2,6<limethyl-1.4-dihydropyridine-3,5-dicarboxylate^ 

[0070] The title compound was obtained from 1 .1 62 g (2.52 mmol) of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 4- 
(S-fluorophenylJ^.e-dimethyl-l^-dihydropyridine-S.S-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 858 mg (2.1 1 mmol) (83.6 %) 
MS (ESI, m/z) 406 (M-H)* 

1 H-NMR (DMSO-d 6 ): 2.26 (3H, s). 2.30 (3H. s), 4.59-4.78 (2H, m), 4.96 (1H, s), 6.33 (1H, dt, J=16Hz), 6.51 (1H. 
d. J=16Hz), 6.87-7.06 (3H. m), 7.21-7.44 (6H, m), 8.87 (1H, s) 

Example 8 Synthesis of (3-phenyl-2-propene-1-yl) 5-carbamoyl-4-(3-chlorophenyl)-2.6-dimethyl-1 ,4-dihydropyridine-3- 
carboxylate: 

[0071] The title compound was obtained by heating 653 mg (3.01 mmol) of cinnamyl 3-aminocrotonate, 315 mg (9.96 
30 mmol) of acetoacetamide and 0.34 ml (3.00 mmol) of 3-chlorobenzaldehyde in 15 ml of 2-propanol at 80°C under stir- 
ring for 2 days. 2-Propanol was evaporated under reduced pressure, and the residue was purified by the silica gel chro- 
matography (chloroform / methanol = 50/1). 

Yield: 129 mg (0.31 mmol) (10.2 %) 
35 MS (ESI, m/z) 421 (M-H)* ^ ^ #-L1 J 

1 H-NMR (DMSO-d 6 ): 2.07 (3H, s). 2.28 (3H t s). 4.54-4.74 (2H, m), 4.89 (1H, s) 6.27 (1H, dt, J=16Hz), 6.46 (1H, d, 
J=16Hz), 6.88 (2H, brd). 7.12-7.20 (3H t m), 7.21-7.40 (6H, m), 8.44 (1H, s) 

Example 9 Synthesis of (3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-5-cyano-2,6-dimethyl-1 ,4-dihydropyridine-3-car- 
40 boxylate: 

[0072] The title compound was obtained by heating 2.198 g (10.1 mmol) of cinnamyl acetoacetate. 818 mg (9.96 
mmol) of 3-aminocrotonitrile and 1.15 ml (10.2 mmol) of 3-chlorobenzaldehyde at 80°C in 40 ml of 2-propanol under 
stirring for 2 days. 2-Propanol was evaporated under reduced pressure, and the residue was purified by the silica gel 
45 chromatography (hexane / ethyl acetate = 2/1). 

Yield: 2.664 g (6.58 mmol) (66.1 %) 
MS (ESI, m/z) 403 (M-H)- 

1 H-NMR (CDCI3): 2.10 (3H, s), 2.39 (3H, s), 4.56-4.74 (3H, m), 5.82 (1H, s), 6.09 (1H ( dt, J=16Hz). 6.44 (1H, d, 
so J=16Hz). 7.14-7.33 (9H. m) 

Example 10 Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-bromophenyl)-2.6-dimethyl-1,4-dihydropyridine-3.5- 
dicarboxylate: 

55 1 ) Synthesis of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 4-(3-bromophenyl)-2.6-dimethyl-1 .4-dihydropyridine-3.5- 
dicarboxylate 

[0073] The title compound was obtained from 466 mg (3.0 mmol) of 2-cyanoethyl acetoacetate, 652 mg (3.0 mmol) 
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of cinnamyl 3-aminocrotonate and 555 mg (3.0 mmol) of 3-bromobenzaldehyde in the same manner as that of Example 
1-1). 

Yield: 1 .08 g (2.07 mmol) (50 %) 
s MS (ESI, m/z) 545 (M+Na) + 

1 H-NMR (CDCI 3 ): 2.37 (6H, s), 2.61 (2H, t), 4.19-4.33 (2H, m), 4.64-4.80 (2H, m), 5.01 (1H, s), 5.72 (1H, bs), 6.24 
(1H, dt), 6.53 (1H, d), 7.07 (1H, t), 7.22-7.42 (8H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-bromophenyl)-2,6<limethyl-1 ,4-dihydropyridine-3,5-dicarboxylate: 

10 

[0074] The title compound was obtained from 1 .05 g (2.01 mmol) of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4- 
(3-bromophenyl)-2,6-dimethyl-1 t 4<lihydropyridine-3,5<licartDOxylate in the same manner as that of Example 4-2). 

Yield: 755 mg (1.61 mmol) (80 %) 
15 MS (ESI. m/z) 466 (M-H)' 

1 H-NMR (DMSOd 6 ): 2.26 (3H, s), 2.30 (3H, s), 4.58-4.77 (2H. m), 4.93 (1H ( s), 6.32 (1H, dt), 6.51 (1H, d), 7.16- 
7.41 (9H, m), 8.83 (1H, bs) 

Example 11 Synthesis of mono(3-phenyl-2-propene-1 -yl) 4-(3-iodophenyl)-2,6-dimethyl-1 t 4-dihydropyridjne-3,5-dicar- 
20 boxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-iodophenyl)-2,6-dimethyl-1 ( 4-dihydropyridine-3,5- 
dicarboxylate: 

25 [0075] The title compound was obtained from 466 mg (3.0 mmol) of 2-cyanoethyl acetoacetate, 652 mg (3.0 mmol) 
of cinnamyl 3-aminocrotonate and 696 mg (3.0 mmol) of 3-iodobenzaldehyde in the same manner as that of Example 
1-1). 

Yield: 1.14 g (2.01 mmol)(67%) 

30 1 H-NMR (CDCI3): 2.37 (6H, s), 2.61 (2H, t). 4.19-4.33 (2H, m), 4.64-4.80 (2H, m), 4.98 (1H, s), 5.72 (1H, bs), 6.24 

(1 H. dt), 6.53 (1 H. d), 6.94 (1 H, t), 7.24-7.62 (8H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-iodophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate: 

35 [0076] The title compound was obtained from 1 .14 g (2.01 mmol) of 5-(3-phenyl-2-propene-1-yi) 3-(2-cyanoethyl) 4- 
(3-iodophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3,5-dicarboxylate in the same manner as that of Example 4-2). 

Yield: 903 mg (1.75 mmol) (87 %) 
MS(ESI,nVz)514(M-H)- 

40 1 H-NMR (DMSO-d 6 ): 2.25 (3H, s), 2.29 (3H, s), 4.58-4.76 (2H f m), 4.88 (1H, s), 6.32 (1H, dt). 6.51 (1H, d), 7.03 

(1H, t). 7.16-7.54 (8H. m). 8.84 (1H. bs) 

Example 12 Synthesis of mono(3-phenyl-2-propyne-1-yl) 4-(3-chlorophenyl)-2,6-dimethyM,4-dihydropyridine-3,5- 
dicarboxylate: 

45 

1) Synthesis of 5-(3-phenyl-2-propyne-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3,5- 
dicanooxylate: 

[0077] The title compound was obtained from 309 mg (2.0 mmol) of 2-cyanoethyl 3-aminocrotonate, 433 mg (2.0 
50 mmol) of 3-phenyl-2-propyne-1 -yl acetoacetate and 0.227 ml (2.0 mmol) of 3-chlorobenzaldehyde in the same manner 
as that of Example 1-1). 

Yield: 641 mg (1.35 mmol) (68 %) 
MS (ESI, m/z) 497 (M+Na) + 

55 1 H-NMR (CDCI3): 2.38 (6H. s). 2.61 (2H. t). 4.19-4.34 (2H, m), 4.86 (1H. d), 4.92 (1H. d). 5.02 (1H. s), 5.74 (1H. 

bs), 7.10-7.46 (9H, m) 
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2) Synthesis of mono(3-phenyl-2-propyne-1-yl) 4-(3-chlorophenyl)-2,6<limethyl-1,4-djhydropyricline-3 l 5-dicarboxylate: 

[0078] The title compound was obtained from 641 mg (1 .35 mmol) of 5-(3-phenyl-2-propyne-1-yl) 3-(2-cyanoethyl) 4- 
(3-chlorophenyl)-2,6-dimethyl-1 ( 4-dihydropyridine-3 t 5-dicarboxylate in the same manner as that of Example 4-2). 

Yield: 277 mg (0.657 mmol) (49 %) 
MS (ESI. m/z) 420 (M-H)* 

1 H-NMR (DMSO-d 6 ): 2.27 (3H, s). 2.29 (3H, s), 4.89 (1H, s), 4.92 (2H, s). 7.12-7.23 (4H, m), 7.38-7.43 (5H, m), 
8.85 (1H, bs) 

Example 13 Synthesis of mono(3-(4-chlorophenyl)-2-propene-l-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyrid- 
i ne-3 ,5-dicarboxylate : 

1) Synthesis of 5-(3-(4-chlorophenyl)-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6<limethyl-1 l 4-dihydropyri- 
dine-3,5-dicarboxylate: 

[0079] The title compound was obtained from 309 mg (2.0 mmol) of 2-cyanoethyl 3-aminocrotonate, 505 mg (2.0 
mmol) of 3-(4-chlorophenyl)-2-propene-1-yl acetoacetate and 0.227 ml (2.0 mmol) of 3-chlorobenzaldehyde in the 
same manner as that of Example 1-1). 

Yield: 681 mg (1.33 mmol) (67 %) 
MS (ESI. m/z) 533 (M+Na) + 

1 H-NMR (CDCI3): 2.35(6H, s). 2.60 (2H, t), 4.20-4.27 (2H, m). 4.59-4.79 (2H. m). 4.99 (1H. s). 5.71 (1H. bs). 6.18 
(1H, dt), 6.42 (1H, d), 7.08-7.26 (8H, m) 

2) Synthesis of mono(3-(4-chlorophenyl)-2-propene-1-yl) 4-(3-chlorophenyl)-2.6-dimethyl-1,4-dihydropyridine-3.5- - 
dicarboxylate: 

[0080] The title compound was obtained from 681 mg (1 .33 mmol) of 5-(3-(4-chlorophenyl)-2-propene-1 -yl) 3-(2-cya- 
noethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 t 4<iihydropyridine-3.5-dicarboxylate in the same manner as that of Example 
4-2). 

Yield: 331 mg (0.721 mmol) (54 %) 
MS (ESI, m/z) 456 (M-H)' 

1 H-NMR (DMSO-d 6 ): 2.25 (3H. s). 2.30 (3H. s). 4.58-4.77 (2H. m). 4.93 (1H, s). 6.35 (1H. dt). 6.48 (1H, d), 7.1 1- 
7.44 (8H,m). 8.84(1 H.bs) 

Example 14 Synthesis of mono(phenylcarbamoylmethyl) 4-(3-chlorophenyl)-2 t 6-dimethyl-1,4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of phenylcarbamoylmethyl acetoacetate: 

[0081] 4.36 g (28.8 mmol)) of 2-hydroxy-N-phenylacetamide, 0.8 ml (5.74 mmol) of triethylamine and 6.5 ml (84.3 
mmol) of diketene were heated at 70 

°C under stirring in 50 ml of toluene for 7.5 hours. After the addition of a saturated aqueous sodium hydrogencarbonate 
solution at room temperature followed by the extraction with ethyl acetate, the organic layer was dried over anhydrous 
sodium sulfate and then concentrated under reduced pressure to obtain the title compound. 

Yield: 6.27 g (26.7 mmol) (92.5 %) 

MS (ESI, m/z) 234 (M-H)' . _ 

1 H-NMR (CDCI3): 2.38 (3H, s). 3.73 (2H, s). 4.83 (2H, s), 7.13 (1H, t), 7.35 (2H, t). 7.79 (2H, d), 9.14 (1H, brd) 

2) Synthesis of 5-(phenylcarbamoylmethyl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4<iihydropyridine-3.5- 
dicarboxylate: 

[0082] The title compound was obtained from 487 mg (3.16 mmol) of 2-cyanoethyl 3-aminocrotonate. 745 mg (3.17 
mmol) of phenylcarbamoylmethyl acetoacetate and 0.36 ml (3.18 mmol) of 3-chlorobenzaldehyde in the same manner 
as that of Example 1-1). 
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Yield: 1.023 g (2.07 mmol) (65.5 %) 
MS (ESI, m/z) 492 (M-H)- 

1 H-NMR (CDCI 3 ): 2.36 (3H, s), 2.46 (3H. s), 2.68 (2H, t). 4.24-4.39 (2H, m), 4.48 (1H, d), 4.92 (1H, d), 5.08 (1H. 
s), 6.C1 (1 H, s), 7.08-7.23 (5H, m), 7.26-7.33 (4H, m) 

3) Synthesis of mono(phenylcarbamoylmethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate: 

[0083] The title compound was obtained from 752 mg (1 .52 mmol) of 5-phenylcarbamoylmethyl 3-(2-cyanoethyl) 4- 
(3-chlorophenyl)-2,6-dimethyl-1 .4-dihydropyridine-3,5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 305 mg (0.69 mmol) (45.5 %) 
MS (ESI, m/z) 439 (M-H)" 

1 H-NMR (DMSO-d 6 ): 2.29 (3H, s), 2.30 (3H, s), 4.63 (2H, d). 4.96 (1H, s), 7.02-7.34 (7H. m), 7.55 (2H, d). 8.93 (1 H, 
s). 10.04 (1H,s) 

Example 15 Synthesis of mono(3-(4-methoxyphenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2 l 6-dimethyl-1 ( 4-dihydropyrid- 
ine-3,5-dicarboxylate: 

1) Synthesis of 5-(3-(4-methoxyphenyl)-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4«dihydro- 
pyridine-3,5-dicarboxylate: 

[0084] The title compound was obtained from 510 mg (3.29 mmol) of 2-cyanoethyl 3-aminocrotonate, 809 mg (3.26 
mmol) of 3-(4-methoxyphenyl)-2-propene-1-yl acetoacetate and 0.37 ml (3.27 mmol) of 3-chlorobenzaldehyde in the 
same manner as that of Example 1-1). 

Yield: 511 mg (1.01 mmol) (30.9 %) 
MS (ESI, m/z) 505 (M-H)" 

1 H-NMR (CDCI3): 2.36 (3H. s), 2.37 (3H, s). 2.61 (2H. t). 3.81 (3H, s), 4.19-4.33 (2H. m), 4.62-4.78 (2H, m). 5.00 
(1H, s). 5.73 (1H, s). 6.1 1 (1H, dt. J=16Hz), 6.49 (1H. d, J=16Hz), 6.85 (2H, d), 7.09-7.23 (4H, m) f 7.30 (2H, d) 

2) Synthesis of mono(3-(4-methoxyphenyl)-2-propene-1-yl) 4-(3-chlorophenyi)-2,6-dimethyl-1,4-dihydropyrid»ne-3,5- 
dicarboxylate: 

[0085] The title compound was obtained from 447 mg (0.88 mmol) of 5-(3-(4-methoxyphenyl)-2-propene-1-yl) 3-(2- 
cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3 t 5-dicarboxylate in the same manner as that of 
Example 3-2). 

Yield: 270 mg (0.59 mmol) (67.6 %) 
MS (ESI, m/z) 452 (M-H)* 

1 H-NMR (DMSO-d 6 ): 2.26 (3H, s). 2.29 (3H, s). 3.75 (3H, s). 4.54-4.73 (2H, m), 4.91 (1H, s), 6.16 (1H, dt p J=16Hz), 
6.47 (1H, d. J=16Hz), 6.89 (2H, d). 7.09-7.27 (4H, m), 7.33 (2H t d), 8.85 (1H, s) 

Example 16 Synthesis of mono(2-methyl-3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyrid- 
ine-3,5-dicarboxylate: 

1) Synthesis of 5-(2-methyl-3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6<iimethyl-1 ,4-dihydropyri- 
dine-3,5-dicarboxylate: 

[0086] The title compound was obtained from 600 mg (3.89 mmol) of 2-cyanoethyl 3-aminocrotonate, 900 mg (3.87 
mmol) of 2-methyl-3-phenyl-2-propene-1-yl acetoacetate and 0.44 ml (3.88 mmol) of 3-chlorobenzaldehyde in the 
same manner as that of Example 1-1). 

Yield: 1.195 mg (2.43 mmol) (62.8 %) 
MS (ESI, m/z) 489 (M-H)* 

1 H-NMR (CDCI3): 1 .81 (3H, s). 2.37 (3H, s), 2.39 (3H. s). 2.62 (2H. t). 4.22-4.32 (2H, m), 4.62 (2H, qua), 5.02 (1 H, 
s), 5.73 (1H, s), 6.41 (1H, s). 7.11-7.37 (9H, m) 
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2) Synthesis of mono(2-methyl-3-phenyl-2-propene-1-yl) ^(S-chlorophenyO^.e-dimethyl-l^-dihydropyridine-a.S- 
dicarboxylate: 

[0087] The title compound was obtained from 801 mg (1 .63 mmol) of 5-(2-methyl-3-phenyl-2-propene-1 -yl) 3-(2-cya- 
noethyl) ^(S-chlorophenyO^.S-dimethyl-l^-dihydropyridine-S.S-dicarboxylate in the same manner as that of Example 
3-2). 

Yield: 515 mg (1.18 mmol) (72.1 %) 
MS (ESI, m/z) 436 (M-H)" 

1 H-NMR (DMSOd 6 ): 1.73 (3H, s). 2.25 (3H, s), 2.33 (3H t s), 4.47-4.68 (2H, m) f 4.94 (1H, s), 6.38 (1H, s), 7.12- 
7.31 (7H, m). 7.35 (2H, t) f 8.89 (1 H, s) 

Example 17 Synthesis of mono(3-(3,4-dichlorophenyl)-2-propene-1-yl) 4-(3-chloropheny0-2,6-dimethyl-l,4<lihydropy- 
ridine-3,5-cflcarboxylate: 

1 ) Synthesis of 5-(3-(3.4-dichlorophenyl)-2-propene-1 -yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyM ,4-dihydro- 
pyridine-3,5-dicaiboxylate: 

[0088] The title compound was obtained from 309 mg (2.0 mmol) of 2-cyanoethyl 3-aminocrotonate, 575 mg (2.0 
mmol) crf3-(3.4-dichlorophenyl)-2-propene-1-yl acetoacetate and 0.227 ml (2.0 mmol) of 3-chlorobenzaldehyde in the 
same manner as that of Example I-1). 

Yield: 503 mg (0.922 mmol) (46 %) 
MS (ESI. m/z) 543 (M-H)" 

1 H-NMR (CDCI3): 2.37 (6H, s), 2.63 (2H, t), 4.23-4.30 (2H, m). 4.61-4.81 (2H, m), 5.01 (1H, s). 5.78 (1H. bs). 6.20 
(1H.dt). 6.34 (1H. d). 7.10-7.23 (5H, m). 7.35-7.40 (2H. m) 

2) Synthesis of mono(3-(3,4-dichIorophenyl)-2-propene-1-yO 4-(3-chlorophenyl)-2 t 6-dimethyl-1.4-dihydropyridine-3.5- 
dicarboxylate: 

[0089] The title compound was obtained from 503 mg (0.601 mmol) of 5-(3-(3 ( 4-dichlorophenyl)-2-propene-1-yl) 3- 
(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate in the same manner as that of 
Example 4-2). 

Yield: 296 mg (0.601 mmol) (65%) 
MS(ESI, m/z) 490 (M-H)" 

1 H-NMR(DMSO-d6):2.25(3H, s), 2.30 (3H, s), 4.58-4.77 (2H, m), 4.93 (1H, s). 6.37-6.51 (2H. m), 7.11-7.41 (5H. 
m), 7.56-7.64 (2H, m), 8.85 (1H, bs) 

Example 18 Synthesis of mono(3-(4-methylphenyl)-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyrid- 
ine-3,5-dicarboxylate: 

1) Synthesis of 5-(3-(4-methylphenyl)-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2 t 6-dtmethyl-1,4-dihydropy- 
ridine-3,5-dicarboxylate: 

[0090] The title compound was obtained from 309 mg (2.0 mmol) of 2-cyanoethyl 3-aminocrotonate. 465 mg (2.0 
mmol) of 3-(4-methylphenyl)-2-propene-1-yl acetoacetate and 0.227 ml (2.0 mmol) of 3-chlorobenzaldehyde in the 
same manner as that of Example 1-1). 

Yield: 603 mg (1.23 mmol) (62 %) 
MS (ESI, m/z) 489 (M-H)* 

1 H-NMR (CDCI3): 2.04 (3H, s). 2.34 (3H, s). 2.39 (3H, s), 2.61 (2H, t), 4.21-4.33 (2H, m), 4.63-4.78 (2H, m), 5.00 
(1H, s). 5.74 (1H, s), 6.19 (1H, dt), 6.51 (1H, d), 7.10-7.28 (8H, m) 

2) Synthesis of mono(3-(4-methylphenyl)-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1.4-dihydropyridine-3 > 5- 
dicarboxylate: 

[0091 ] The title compound was obtained from 603 mg (1 .23 mmol) of 5-(3-(4-methylphenyl)-2-propene-1 -yl) 3-(2-cya- 



33 



EP 0 985 667 A1 



noethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3 t 5-dicarboxylate in the same manner as that of Example 
4-2). 

Yield: 33 mg (0.076 mmol) (6 %) 
MS (ESI, m/z) 436 (M-H)" 

1 H-NMR (DMSO-d 6 ): 2.25 (3H, s), 2.28 (3H, s). 2.29 (3H, s), 4.57-4.74 (2H, m), 4.93 (1H, s), 6.24 (1H, dt) ( 6.47 
(1H, d), 7.10-7.30 (8H, m), 8.81 (1H. bs) 

Example 19 Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-1,2,6-trimethyl-1 ,4-dihydropyridine-3.5- 
dicarboxylate: 

1) Synthesis of 3-(2-trimethylsilylethyl) 4-(3-chlorophenyl)-2,6<jimethyl-1,4-dihydropyridine-3 I 5-dicarboxylate: 

[0092] The title compound was obtained from 1 .04 g (5. 1 3 mmol) of 2-trimethylsilylethyl acetoacetate, 1 .1 1 g (5. 1 1 
mmol) of cinnamyl 3-aminocrotonate and 0.58 ml (5.12 mmol) of 3-chlorobenzaldehyde in the same manner as that of 
Example 1-1). 

Yield: 995 mg (1.90 mmol) (37.2 %) 
MS (ESI, m/z) 522 (M-H)* 

1 H-NMR (CDCI 3 ): 0.01 (9H, s), 0.92-1.02 (2H, m), 2.35 (3H, s). 2.37 (3H, s), 4.08-4.18 (2H, m), 4.63-4.82 (2H, m), 
5.04 (1H, s), 5.60 (1H, s), 6.23 (1H, dt, J=16Hz), 6.53 (1H, d, J=16 Hz), 7.08-7.43 (9H, m) 

2) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-trimethylsilylethyl) 4-(3-chlorophenyl)-1 ,2,6-trimethyM ,4-dihydropyrid- 
ine-3,5-dicarboxylate: 

[0093] 277 mg (0.53mmol) of 5-(3-phenyl-2-propene-1-yl) 3-(2-trimethylsilylethyl) 4-(3-chlorophenyl)-2.6<Jimethyl- 
1 ,4-dihydropyridine-3,5-dicarboxylate was dissolved in N.N-dimethylformamide. 40 mg (1 .0 mmol) of sodium hydride 
(60 %, oily) was added to the obtained solution. Then 0.05 ml (0.8 mmol) of methyl iodide was added to the resultant 
mixture, and they were stirred at room temperature for 2 hours. N,N-dimethylformamide was evaporated under reduced 
pressure. Water was added to the residue. After the extraction with ethyl acetate, the organic layer was dried over anhy- 
drous sodium sulfate and then concentrated under reduced pressure. The residue was purified by the silica gel chro- 
matography (hexane / ethyl acetate = 3/1) to obtain the title compound. 

Yield: 166 mg (0.31 mmol) (58.2 %) 
MS (ESI, m/z) 538 (M+H) + 

1 H-NMR (CDCI3): 0.01 (9H, s). 0.97-1.04 (2H, m) f 2.48 (3H, s), 2.51 (3H, s), 3.19<3H, s), 4.14-4.26 (2H, m), 4.71- 
4.88 (2H. m), 5.21 (1H, s), 6.28 (1H, dt, J=16Hz), 6.58 (1H, d, J=16Hz), 7.04-7.18 (4H, m), 7.22-7.39 (5H, m) 

3) Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-1,2,6-trimethyl-1,4-dihydropyridine-3,5-dicarboxy- 
late: 

[0094] 160 mg (0.30mmol) of 5-(3-phenyl-2-propene-1 -yl) 4-(3-chlorophenyl)-1,2,6-trimethyl-1,4-<Jihydropyridine-3,5- 
dicarboxylate was dissolved in 1 .5 ml of tetrahydrofuran. 1 .5 ml of tetrabutylammonium fluoride (1 N solution in tetrahy- 
drofuran) was added to the resultant solution, and they were stirred at room temperature for 1.5 hours. Ethyl acetate 
was added to the reaction mixture. The obtained mixture was washed with 1 N hydrochloric acid and a saturated aque- 
ous sodium chloride solution. The organic layer was dried over anhydrous sodium sulfate and then concentrated under 
reduced pressure. The residue was purified by the silica gel chromatography (hexane / ethyl acetate = 2/1 ) to obtain the 
title compound. 

Yield: 50 mg (0.11 mmol) (38.3 %) 
MS (ESI, m/z) 436 (M-H)' 

1 H-NMR (CDCI3): 2.51 (6H, s), 3.19 (3H, s), 4.70-4.88 (2H, m), 5.23 (1H. s), 6.28 (1H. dt, J=16Hz). 6.58 (1H, d, 
J=16Hz), 7.06-7.17 (4H f m), 7.19-7.39 (5H, m) 
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Example 20 Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-methoxyphenyl)-2,6<Jimethyl-1,4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-methoxyphenyl)-2,6-dimethyl-1,4-dihydropyridine- 
3,5-dicarboxylate: 

[0095] The title compound was obtained from 466 mg (3.01 mmol) of 2-cyanoethyl acetoacetate, 660 mg (3.04 mmol) 
of cinnamyl-3-aminocrotonate and 0.365 ml (3.0 mmol) of 3-methoxybenzaldehyde in the same manner as that of 
Example 1-1). 

Yield: 627 mg (1.33 mmol) (44.2 %) 
MS (ESI, m/2) 471 (M-H)" 

1 H-NMR (CDCI 3 ): 2.35 (3H, S), 2.36 (3H, S), 2.61 (2H, t), 3.71 (3H. s), 4.23-4.30 (2H, m), 4.64-4.83 (2H, m), 5.02 
(1H, s), 5.70 (1H, s), 6.25 (1H, dt, J=16Hz), 6.52 (1H, d. J=16Hz), 6.69 (1H, dd), 6.85-6.93 (2H, m), 7.14 (1H. t), 
7.24-7.38 (5H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-methoxyphenyl)-2,6-dimethyl-1,4<lihydropyridine-3 ( 5-dicarboxy- 
late: 

[0096] The title compound was obtained from 460 mg (0.97 mmol) of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 4- 
(3-methoxyphenyl)-2,6-dimethyM ,4-dihydropyridine-3,5<iicarboxylate in the same manner as that of Example 3-2). 

Yield: 230 mg (0.55 mmol) (56.5 %) 
MS(ESI, m/z)418(M-H)- 
1 H-NMR (DMSO-d 6 ): 2.25 (3H, s), 2.29 (3H, s), 4.58-4.78 (2H, m). 4.93 (1H. s), 6.32 (1H, dt, J=16Hz), 6.50 (1H, 
d. J=16Hz), 6.67-6.80 (3H, m), 7.12 (1 H. t). 7.23-7.42 (5H. m), 8.78 (1H, s) 

Example 21 Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3,4-dichlorophenyl)-2,6-dimethyl-1.4-dihydropyridine-3.5- 
dicarboxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3,4-dichlorophenyl)-2.6-dimethyl-1,4<Iihydropyridine- 
3,5-dicarboxylate: 

[0097] The title compound was obtained from 465 mg (3.0 mmo!) of 2-cyanoethyl acetoacetate. 654 mg (3.01 mmol) 
of cinnamyl-3-aminocrotonate and 535 mg (3.06 mmol) of 3,4-dichlorobenzaldehyde in the same manner as that of 
Example 1-1). 

Yield: 926 mg (1.81 mmol) (60.4%) 
MS (ESI, m/z) 509 (M-H)' 

1 H-NMR (CDCI3): 2.37 (6H, s), 2.63 (2H, t). 4.26 (2H, dt), 4.64-4.82 (2H, m). 4.99 (1H, s). 5.74 (1H. S), 6.23 (1H. 
dt, J=16Hz), 6.53 (1H, d, J=16Hz), 7.17 (1H, dd). 7.25-7.38 (7H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1 -yl) 4-(3.4-dichlorophenyl)-2.6-dimethyl-1,4-<Jihydropyridine-3.5-dicarboxy- 
late: 

[0098] The title compound was obtained from 720 mg (1 .41 mmol) of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 4- 
(3,4KJichloropheny1)-2.6-dimethyM ,4-dihydropyridine-3,5<iicarboxylate in the same manner as that of Example 3-2). 

Yield: 476 mg (1.04 mmol) (73.7 %) 
- MS (ESI, m/z) 456 (M-H)" 

1 H-NMR (DMSO-d 6 ): 2.26 (3H. s), 2.30 (3H, s), 4.58-4.78 (2H. m), 4.92 (1H, s). 6.31 (1H, dt, J=16Hz), 6.46 (1H, 
d, J=16Hz). 7.16 (1H, dd). 7.22-7.40 (6H, m), 7.48 (1H, d). 8.90 (1H. s) 
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Example 22 Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(3-methylphenyl)-1,4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) a.e-dimethyl^^S-methylphenyO-l^-dihydropyridine-S.S- 
dicarboxylate: 

[0099] The title compound was obtained from 467 mg (3.01 mmol) of 2-cyanoethyi acetoacetate, 650 mg (2.99 mmol) 
of cinnamyl-3-aminocrotonate and 0.36 ml (3.05 mmol) of 3-methoxybenzaldehyde in the same manner as that of 
Example 1-1). 

Yield: 579 mg (1.27 mmol) (42.4 %) 
MS (ESI, m/z) 455 (M-H)' 

1 H-NMR (CDCI 3 ): 2.25 (3H, s), 2.36 (6H, S), 2.60 (2H, t). 4.21-4.33 (2H, m), 4.64-4.82 (2H, m), 4.99 (1H, S). 5.70 
(1H, s), 6.24 (1H, dt, J=16Hz), 6.51 (1H, d, J=16Hz), 6.93-6.97 (1H, m), 7.08-7.12 (2H, m), 7.22-7.36 (6H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1 -yl) 2,6-dimelhyl-4-(3-methylphenyl)-1 ,4-dihydropyridine-3,5-dicartx>xylate: 

[0100] The title compound was obtained from 519 mg (1.14 mmol) of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 
2,6-dimethyl-4-(3-methyfphenyl) -1,4<Jihydropyridine-3,5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 310 mg (0.77 mmol) (67.6 %) 
MS (ESI, m/z) 402 (M-H)" 

1 H-NMR (DMSO-d 6 ): 2.17 (3H, s), 2.25 (3H, s), 2.28 (3H, s), 4.57-4.77 (2H, m), 4.91 (1H, s), 6.32 (1H, dt, J=16Hz), 
6.51 (1H, d, J=16Hz). 6.88-7.00 (3H, m), 7.08 (1H, t), 7.22-7.40 (5H, m), 8.74 (1H, s) 

Example 23 Synthesis of mono(3-(3.4<Jimethoxyphenyl)-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1.4-dihydro- 
pyridine-3.5-dicarboxylate: 

1) Synthesis of 5-(3-(3,4-dimethoxyphenyl)-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 i 4-dihy- 
dropyridine-3,5-dicarboxylate: 

[0101] The title compound was obtained from 321 mg (2.08 mmol) of 2-cyanoethyl 3-aminocrotonate, 573 mg (2.06 
mmol) of 3-(3,4-dimethoxyphenyl)-2-propene-1-yl acetoacetate and 0.23 ml (2.03 mmol) of 3-chlorobenzaidehyde in 
the same manner as that of Example 1-1). 

Yield: 591 mg (1.10 mmol) (54.2 %) 
MS (ESI, m/z) 535 (M-H)" 

1 H-NMR (CDCI3): 2.37 (3H, S), 2.38 (3H, s), 2.58-2.68 (2H, m), 3.89 (3H, s), 3.91 (3H, s), 4.22-4.29 (2H, m), 4.63- 
4.81 (2H, m). 5.01 (1H, s) t 5.72 (1H, s). 6.12 (1H, dt, J=16Hz), 6.48 (1H, d, J=16Hz), 6.77-6.94 (3H, m), 7.07-7.27 
(4H. m) 

2) Synthesis of mono(3-(3,4-dimethoxyphenyl)-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-di methyl- 1 ,4-dihydropyridine- 
3,5-dicarboxylate: 

[0102] The title compound was obtained from 478 mg (0.89 mmol) of 5-(3-(3 f 4-dimethoxyphenyl)-2-propene-1 -yl) 3- 
(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate in the same manner as that of 
Example 3-2). 

Yield: 245 mg (0.51 mmol) (56.9 %) 
MS (ESI, m/z) 482 (M-H)* 

1 H-NMR (DMSO-d 6 ): 2.26 (3H, s), 2.30 (3H. i), 3.75 (3H. S), 3.78 (3H, s), 4.55-4.75 (2H, m), 4.93 (IK s), 6.20 (1H, 
dt. J=16Hz), 6.45 (1H, d, J=16Hz), 6.89-7.28 (7H, m), 8.85 (1H, s) 
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Example 24 Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3,5-dichloropheny1)-2,6-dimethyl-1 ( 4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 4-(3,5<Jichlorophenyl)-2 ( 6-dimethyl-1.4-dihydropyridine- 
3,5-dicarboxylate: 

[0103] The title compound was obtained from 463 mg (2.98 mmol) of 2-cyanoethyl acetoacetate, 653 mg (3.01 mmol) 
of cinnamyl 3-aminocrotonate and 535 mg (3.06 mmol) of 35-dichlorobenzaldehyde in the same manner as that of 
Example 1-1). 

Yield: 921 mg (1 .80 mmol) (60.4 %) 
MS (ESI. m/z) 509 (M-H)- 

1 H-NMR (CDCI 3 ): 2.37 (3H, s), 2.38 (3H, S), 2.63 (2H, t). 4.20-4.32 (2H m), 4.64-4.82 (2H, m), 4.99 (1H, s), 5.80 
(1H, s), 6.25 (1H, dt, J=16Hz), 6.57 (1H, d, J=16Hz), 7.13 (1H, t), 7.17 (2H, d), 7.22-7.41 (5H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3.5-dichlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3.5-dicait>oxy- 
late: 

[01 04] The title compound was obtained from 720 mg (1 .41 mmol) of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyt) 4- 
(3,5-dichlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3,5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 510 mg (1.1 1 mmol) (73.9 %) 
MS (ESI, m/z) 456 (M-H)' 

1 H-NMR (DMSO-d 6 ): 2.27 (3H. s), 2.31 (3H, s), 4.59-4.79 (2H, m). 4.93 (1H, s), 6.32 (1H, dt, J-16HZ), 6.53 (1 H, 
d, J=16Hz). 7.1 1 (2H, d), 7.22-7.43 (6H t m). 8.94 (1H, s) 

Example 25 Synthesis of mono(3-(2-methoxyphenyl)-2-propene-1-yl) 4-(3-chlorophenyl)-2.6-dimethyl-1.4-dihydropyri- 
dine-3.5-dicarboxylate: 

1) Synthesis of 5-(3-(2-methoxypheny1)-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydro- 
pyridine-3,5-dicaiboxylate: 

[0105] The title compound was obtained from 316 mg (2.05 mmol) of 2-cyanoethyl 3-aminocrotonate, 501 mg (2.02 
mmol) of 3-(2-methoxyphenyl)-2-propene-1-yl acetoacetate and 0.225 ml (1.99 mmol) of 3-chlorobenzaldehyde in the 
same manner as that of Example 1-1). 

Yield: 329 mg (0.65 mmol) (32.6 %) 
MS (ESI, m/z) 505 (M-H)" 

1 H-NMR (CDCI3): 2.36 (3H. s), 2.37 (3H, s), 2.61 (2H, t), 3.85 (3H, s), 4.20-4.33 (2H, m), 4.71-4.76 (2H, m), 5.01 
(1H, s), 5.68 (1H, s), 6.26 (1H, dt, J=16Hz), 6.85-6.98 (2H, m). 7.09-7.28 (6H, m), 7.42 (1H, dd) 

2) Synthesis of mono(3-(2-methoxyphenyl)-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5- 
dicarboxylate: 

[0106] The title compound was obtained from 295 mg (0.58 mmol) of 5-(3-(2-methoxyphenyl)-2-propene-1-yl) 3-(2- 
cyanoethyl) 4-(3-chlorophenyl)-2,6<Jimethyl-1,4-dihydropyridine-3,5-dicarboxylate in the same manner as that of 
Example 3-2). 

Yield: 202 mg (0.45 mmol) (76.5 %) 
MS (ESI, m/z)-452 (MtH)* 

1 H-NMR (DMSO-d 6 ): 2.26 (3H. s), 2.30 (3H, s), 3.81 (3H, s), 4.64-4.70 (2H, m), 4.93 (1H. s), 6.29 (1H, dt J=16Hz), 
6.86 (1H, d, J=16Hz). 6.88-703 (2H, m), 7.11-7.19 (3H, m), 7.20-729 (2H, m), 7.43 (1H, dd), 8.85 (1H, s) 
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Example 26 Synthesis of mono(3-(3-methoxyphenyl)-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyri- 
dine-3,5-dicarboxylate: 

Synthesis of 5-(3-(3-methoxyphenyl)-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyi-1 ,4-dihydropyri- 
dine-3,5-dicarboxylate: 

[0107] The title compound was obtained from 389 mg (2.52 mmol) of 2-cyanoethyl 3-aminocrotonate, 624 mg (2.51 
mmol) of 3-(3-methoxyphenyl)-2-propene-1-yl acetoacetate and 0.29 ml (2.56 mmol) of 3-chlorobenzaldehyde in the 
same manner as that of Example 1-1). 

Yield: 604 mg (0.65 mmol) (47.4 %) 
MS (ESI, m/z) 505 (M-H)" 

1 H-NMR (CDCI 3 ): 2.37 (6H, s), 2.62 (2H, t) f 3.82 (3H. S), 4.18-4.32 (2H, m), 4.64-4.82 (2H, m), 5.01 (1H, s), 5.76 
(1 H. s), 6.23 (1 H, dt, J=16Hz), 6.50 (2H, m), 6.78-6.97 (3H, m), 7.08-7.27 (5H, m) 

2) Synthesis of mono(3-(3-methoxyphenyl)-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5- 
dicarboxylate: 

[0108] The title compound was obtained from 521 mg (1.03 mmol) of 5-(3-(3-methoxyphenyl)-2-propene-1-yl) 3-(2- 
cyanoethyl) 4-(3-chlorophenyl)-2 t 6-dimethy1-1,4<lihydropyridine-3 f 5-dicarboxylate in the same manner as that of 
Example 3-2). 

Yield: 364 mg (0.80 mmol) (78.0 %) 
MS (ESI, m/z) 452 (M-H)' 

1 H-NMR (DMSO-d 6 ): 2.26 (3H, s), 2.30 (3H, s). 3.76 (3H. s). 4.58-4.77 (2H, m), 4.93 (1 H, s), 6.33 (1H, dt. J=16Hz), 
6.47 (1H, d. J=16Hz). 6.81-6.86 (1H, m), 6.93-6.98 (2H, m), 7.11-7.29 (5H, m), 8.87 (1H. s) 

Example 27 Synthesis of mono(3-(pyridine-4-yl)-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1 l 4-dihydropyridine- 
3,5-dicarboxylate: 

1) Synthesis of 3-(pyridine-4-yl)-2-propene-1-yl acetoacetate: 

[0109] 495 mg (3.66 mmol)f 3-(pyridine-4-yl)-2-propene-1-ol. 0.61 ml (4.38 mmol) of triethylamine and 0.35 ml (4.54 
mmol) of diketene were heated to 70°C under stirring in 20 ml of toluene for 2 hours. A saturated aqueous sodium 
hydrogencarbonate solution was added to the reaction mixture at room temperature. After the extraction with ethyl ace- 
tate, the organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced pressure to 
obtain the title compound. 

Yield: 808 mg (3.68 mmol) (100 %) 
MS (ESI, m/z) 220 (M+H) + 

1 H-NMR (CDCI3): 2.30 (3H, s), 3.53 (2H, s), 4.84 (2H, dd). 6.48 (1H, dt, J=16Hz), 6.63 (1H, d, J=16Hz), 7.25 (2H. 
dd), 8.57 (2H, dd) 

2) Synthesis of 5-(3-(pyridine-4-yl)-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyrid- 
ine-3,5-dicarboxylate: 

[0110] The title compound was obtained from 408 mg (2.65 mmol) of 2-cyanoethyl 3-aminocrotonate, 571 mg (2.61 
mmol) of 3-(pyridine-4-yl)-2-propene-1-yl acetoacetate and 0.30 ml (2.65 mmol) of 3-chlorobenzaldehyde in the same 
manner as that of Example 1-1). 

Yield: 372 mg (0.78 mmol) (29.3 %) 
MS (ESI, m/z) 476 (M-H)" 

1 H-NMR (CDCI3): 2.37 (3H, s), 2.39 (3H. s). 2.63 (2H, dt), 4.24-4.32 (2H, m). 4.64-4.88 <2H. m). 5.03 (1H, s), 5.85 
(1H. s). 6.32-6.50 (2H. m) 7.11-7.25 (6H, m), 8.52-8.58 (2H. m) 
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3) Synthesis of mono(3-(pyridine-4-yl)-2-propene-1-yl) 4-(3-chlorophenyl)-2,6<Jimethyl-1 > 4<iihydropyridine-3 > 5-dicar- 
boxylate: 

[0111] The title compound was obtained from 362 mg (0.76 mmo!) of 5-(3-(pyridine-4-yl)-2-propene-1-yl) 3-(2-cya- 
noethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3 P 5-dicarboxylate in the same manner as that of Example 
3-2). 

Yield: 238 mg (0.56 mmol) (74 %) 
MS (ESI, m/z) 423 (M-H)* 

1 H-NMR (DMSO-de): 2.26 (3H. s), 2.31 (3H, s), 4.62-4.83 (2H, m), 4.94 (1H, s), 6.39 (1H, d, J=16Hz), 6.64 (1 H. dt, 
J=16Hz). 7.10-7.38 (6H, m), 8.51 (2H, dd), 8.90 (1H, s) 

Example 28 Synthesis of mono(3-(thiophene-2-yl)-2-propene-1-yl) 4-(3-chlorophenyl)-2 f 6-dimethyl-l I 4<lihydropyrid- 
ine-3,5-dicarboxylate: 

1) Synthesis of 3-(thiophene-2-yl)-2-propene-1-yl acetoacetate: 

[01 1 2] 1 .50 g (1 0.7 mmol) of 3-(thiophene-2-yl)-2-propene-1 -ol, 0.5 ml (3.59 mmol) of triethylamine and 1 .0 ml (1 3.0 
mmol) of diketene were heated to 70°C under stirring in 30 ml of toluene for 1.5 hours. A saturated aqueous sodium 
hydrogencarbonate solution was added to the reaction mixture at room temperature. After the extraction with ethyl ace- 
tate, the organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced pressure to 
obtain the title compound. 

Yield: 2.40 g (10.7 mmol) (100 %) 
MS (ESI, m/z) 225 (M+H) + 

1 H-NMR (CDCI 3 ): 2.28 (3H, s). 3.49 (2H, s). 4.76 (2H, dd), 6.10 (1H, dt. J=16Hz). 6.80 (1 H. d. J=16Hz). 6.95-7 03 
(2H,m). 7.20(1 H.d) 

2) Synthesis of 5-(3-(thiophene-2-yl)-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyM ,4-dihydropyri- 
dine-3,5-dicarboxylate: 

[01 13] The title compound was obtained from 389 mg (2.52 mmol) of 2-cyanoethyl 3-aminocrotonate, 570 mg (2.54 
mmol) of 3-(thiophene-2-yl)-2-propene-1-yl acetoacetate and 0.285 ml (2.52 mmol) of 3-chlorobenzaldehyde in the 
same manner as that of Example 1 -1 ). 

Yield: 424 mg (0.88 mmol) (34.8 %) 
MS (ESI, m/z) 481 (M-H)' 

1 H-NMR (CDCI3): 2.36 (6H, s), 2.62 (2H, dt). 4.19-4.33 (2H, m), 4.58-4.77 (2H, m), 5.00 (1H, s). 5.77 (1H. s), 6.06 
(1H, dt, J=16Hz), 6.62 (1H ( d. J=16Hz), 6.94-6.98 (2H f m), 7.10-7.26 (5H. m) 

3) Synthesis of mono(3-(thiophene-2-yl)-2-propene-1-yl) 4-(3-chIorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3 l 5- 
dicarboxylate: 

[01 14] The title compound was obtained from 365 mg (0.76 mmol) of 5-(3-(thiophene-2-yl)-2-propene-1-yl) 3-(2-cya- 
noethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3.5-dicarboxylate in the same manner as that of Example 
3-2). 

Yjeld: 21 0 mg (0.49 mmol) (64.7 %) 
MS (ESI, m/z) 428 (M-H)" 

1 H-NMR (DMSO-d 6 ): 2.26 (3H. s). 2.29 (3H, s), 4 : 53-4.76 (2H, m), 4.91 (1H, s), 6.04 (1H, dt, J=16Hz), 6.65 (1 H, 
d. J=16Hz), 6.97-7.06 (2H. m), 7.12-7.29 (4H, m), 7.43 (1H, dd). 8.87 (1H, s) 

Example 29 Synthesis of mono(3-phenyl-2-propene-1-yl) (-)-4-(3-chlorophenyl)-2.6-dimethyl-1,4<lihydropyridine-3,5- 
dicarboxylate: 

[01 1 5] Optically active (3-phenyl-2-propene-1 -yl) 3-(cyanoethyl)4-(3-chlorophenyl)-2,6-dimethyl-1 .4-dihydropyridine- 
3,5-dicarboxylate was obtained by using t-butyl ester of L-valine according to a well-known technique [Japanese Patent 
Unexamined Published Application (hereinafter referred to as "J. P. KOKAI") No. Sho 63-208573]. 
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[01 16] The title compound was obtained from 31 7 mg (0.66 mmol) of this compound in the same manner as that of 
Example 3-2). 

Yield: 161 mg (0.38 mmol) (57.3 %) 
Optical yield: 96 % e. e. 
[<x]D-33.9 (cl.02, MeOH) 

1 H-NMR (DMSO-de): 2.26 (3H, s), 2.30 (3H, s), 4.56-4.77 (2H, m), 4.93 (1H. s), 6.32 (1H, dt), 6.51 (1H, d), 7.10- 
7.42 (9H, m), 8.86(1 Hs) 

Example 30 Synthesis of mono(3-(pyridine-2-yl)-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine- 
3,5-dicaitooxylate: 

1) Synthesis of 5-(3-(pyridine-2-yl)-2-propene-1-yi 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 > 4-dihydropyrid- 
ine-3,5-dicarboxylate: 

[0117] The title compound was obtained from 467 mg (3.03 mmol) of 2-cyanoethyl 3-aminocrotonate, 658 mg (3.00 
mmol) of (3-(pyridine-2-yl)-2-propenyl) acetoacetate and 0.34 ml (3.00 mmol) of 3-chlorobenzaldehyde in the same 
manner as that of Example 1-1). 

Yield: 520 mg (1.09 mmol) (36.3 %) 
MS (ESI. m/z) 476 (M-H)" 

1 H-NMR (CDCI 3 ): 2.37 (3H, s), 2.38 (3H, s) f 2.64 (2H, dt), 4.20-4.34 (2H, m), 4.66-4.82 (2H, m), 5.03 (1H, s), 5.80 
(1H, brd), 6.56 (1H, d), 6.75 (1H, dt), 7.08-7.28 (6H, m), 7.63 (1H, dd), 8.55 (1H, d) 

2) Synthesis of mono(3-(pyridine-2-yl)-2-propene-1-yl) 4-(3-chlorophenyl)-2.6-dimethyl-1 ,4-dihydropyridine-3,5-dicar- 
boxylate: 

[01 18] The title compound was obtained from 422 mg (0.88 mmol) of 5-(3-(pyridine-2-yl)-2-propene-1 -yl 3-(2-cyanoe- 
thyl) 4-(3-chlorophenyl)-2 t 6-dimethyl-1,4-dihydropyridine-3 t 5-dicarboxylate in the same manner as that of Example 3- 
2). 

Yield: 298 mg (0.70 mmol) (79.3 %) 
MS (ESI. m/z) 423 (M-H)* 

^-NMR (DMSO-de): 2.27 (3H, s), 2.31 (3H f s) f 4.66-4.83 (2H, m), 4.94 (1H, s), 6.54 (1H, d), 6.77 (1H, dt), 7.11- 
7.29 (5H, m), 7.34 (1H, d), 7.75 (1H. t), 8.52 (1H, d), 8.89 (1H. s) 

Example 31 Synthesis of mono(3-(phenyl-2-propene-1-yl) 4-(4-cyanophenyl)-2.6-dimethyl-1,4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of 5-(3-phenyt-2-propene-1-yl 3-(2-cyanoethyl) 4-(4-cyanophenyl)-2 i 6-dimethyl-1,4-dihydropyridine-3 l 5- 
dicarboxylate: 

[0119] The title compound was obtained from 466 mg (3.0 mmol) of 2-cyanoethyl acetoacetate, 652 mg (3.0 mmol) 
of cinnamyl 3-aminocrotonate and 394 mg (3.0 mmol) of 4-cyanobenzaldehyde in the same manner as that of [Example 
1-1). 

Yield: 781 mg (1.67 mmol) (56 %) 
MS (ESI, m/z) 466 (M-H)" 

1 H-NMR (CDCI3): 2.37 (6H, s), 2.62 (2H, t), 4.22-4.28 (2H, m), 4.63-4.79 (2H. m), 5.08 (1H, s), 5.95 (1H. bs), 6.19 
(1H, dt), 6.51 (1H, d). 7.22-7.35 (5H, m), 7.40-7.45 (2H, m), 7.47-7.52 (2H. m) 

2) Synthesis of mono(3-phenyl-2-propene-1 -yl) 4-(4-cyanophenyl)-2,6-dimethyl-1 .4~dihydropyridine-3,5-dicarboxylate: 

[0120] 781 mg (1.67 mmol) of 5-(3-phenyl-2-propene-1-yl 3-(2-cyanoethyl) 4-(4-cyanophenyl)-2,6-dimethyl-1,4-dihy- 
dropyridine-3,5-dicarboxylate was dissolved in 33.4 ml of methanol. 3.34 ml of 1 N aqueous sodium hydroxide solution 
was added to the resultant solution, and they were stirred at room temperature for 2 hours. 2 N hydrochloric acid was 
added to the reaction mixture. Methanol was evaporated under reduced pressure. After the extraction with ethyl ace- 
tate, the organic layer was dried over anhydrous sodium sulfate, and then concentrated under reduced pressure. The 
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residue was washed with hexane / ethyl acetate (1 :1) and dried under reduced pressure to obtain the title compound. 

Yield: 334 mg (0.804 mmol) (48 %) 
MS (ESI, m/z) 413(M«H)\ 

1 H-NMR (DMSO-d 6 ): 2.25 (3H, s), 2.30 (3H, s), 4.58-4.74 (2H, m), 5.00 (1H, s), 6.29 (1H, dt), 6.45 (1H, d), 7.22- 
7.39 (7H, m), 7.65-7.70 (2H, m), 8.90 (1H, bs) 

Example 32 Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(4-chlorophenyl)-2 f 6-dimethyl-1,4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(4-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3 i 5- 
dicarboxylate: 

[0121] The title compound was obtained from 466 mg (3.0 mmol) of 2-cyanoethyl acetoacetate, 652 mg (3.0 mmol) 
of cinnamyl 3-aminocrotonate and 422 mg (3.0 mmol) of 4-chlorobenzaldehyde in the same manner as that of Example 
1-1). 

Yield: 830 mg (1.74 mmol) (58 %) 
MS (ESI, m/z) 475 (M-H)" 

1 H-NMR (CDCI 3 ): 2.35 (3H, s), 2.36 (3H, s), 2.61 (2H, t). 4.21-4.29 (2H, m), 4.63-4.81 (2H, m), 5.00 (1H, s), 5.74 
(1H, bs), 6.20 (1H t dt), 6.49 (1H, d), 7.16-7.34 (9H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(4-chlorophenyl)-2,6<limethyl-1,4-dihydropyridine-3,5-dicarbQxylate: 

[0122] 830 mg (1 .75 mmol) of 5-(3-phenyl-2-propene-1 -yl 3-(2-cyanoethyl) 4-(4-chlorophenyl)-2,6<iimethyl-1 ,4-dihy- 
dropyrkJine-3,5-dicarboxylate was dissolved in 35 ml of methanol. 3.5 ml of 1 N aqueous sodium hydroxide solution was 
added to the resultant solution, and they were stirred at room temperature for 2 hours. 2 N hydrochloric acid was added 
to the reaction mixture. Methanol was evaporated under reduced pressure. After the extraction with ethyl acetate, the 
organic layer was dried over anhydrous sodium sulfate, and then concentrated under reduced pressure. The residu 
was washed with hexane / ethyl acetate (1:1) and dried under reduced pressure to obtain the title compound. 

Yield: 509 mg (1 .20 mmol) (69 %) 
MS (ESI, m/z) 422 (M-H)" 

1 H-NMR (DMSO-d 6 ): 2.24 (3H, s). 2.29 (3H. s), 4.57-4.76 (2H, m), 4.93 (1H, s). 6.30 (1H, dt), 6.43 (1H, d). 7.16- 
7.38 (9H, m), 8.79(1 H, bs) 

Example 33 Synthesis of mono(3-phenyl-2-propene-1-yl) 2.6-dimethyl-4-(4-nitrophenyl)-1,4-dihydropyridine-3,5-dicar- 
boxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl 3-(2-cyanoethyl) 2,6-dimethyl-4-(4-nitrophenyl)-1,4<lihydropyridine-3,5- 
dicarboxylate: 

[01 23] The title compound was obtained from 337 mg (2. 1 7 mmol) of 2-cyanoethyl acetoacetate, 472 mg (2.1 7 mmol) 
of cinnamyl 3-aminocrotonate and 328 mg (2.1 7 mmol) of 4-nitrobenzaldehyde in the same manner as that of Example 
1-1). 

Yield: 734 mg (1.50 mmol) (69 %) 
MS (ESI, m/z) 486 (M-H)" 

1 H-NMR (CDCI3): 2.38 (6H, s), 2.63 (2H, t), 4.25 (2H, t). 4.64-4.79 (2H, m), 5.14 (1H, s), 5.83 (1H. bs), 6.20 (1H, 
dt), 6.52 (1H,d), 7.23-7.35 (5H,.m), 7.45-7.51 (2H, m), 8,04-8.10 (2H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(4-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate: 

[0124] 733 mg (1.50 mmol) of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 2,6-dimethyl-4-(4-nitrophenyl)-1.4-dihy- 
dropyridine-3,5-dicarboxylate was dissolved in 30 ml of methanol. 3 ml of 1 N aqueous sodium hydroxide solution was 
added to the resultant solution, and they were stirred at room temperature for 2 hours. 2 N hydrochloric acid was added 
to the reaction mixture. Methanol was evaporated under reduced pressure. After the extraction with ethyl acetate, the 
organic layer was dried over anhydrous sodium sulfate, and then concentrated under reduced pressure. The residue 
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was washed wit* nexane / ethyl acetate (1:1) and dried under reduced pressure to obtain the title compound. 

Yield: 538 roc: (1.24 mmol) (83 %) 
MS (ESI, m/z) 433 (M-H)" 

1 H-NMR (DMSO-d 6 ): 2.27 (3H, s), 2.31 (3H, s), 4.58-4.75 (2H, m), 5.05 (1H, s). 6.30 (1H, dt), 6.45 (1H, d). 7.22- 
7.38 (5H ( m). 7.41-7.46 (2H, m), 8.06-8.12 (2H, m), 8.94 (1H, bs) 

Example 34 Synthesis of mono(3-phenyl-2-propene-1-yl) (+)-4-(3-chlorophenyl)-2,6-dimethyl-1 i 4-dihydropyridine-3.5- 
dicarboxylate: 

[0125] Optically active (3-phenyl-2-propene-1 -yl) 3-(cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine- 
3,5-dicaiboxylate was obtained by using t-butyl ester of D-valine according to a well-known technique [J. P. KOKA; No. 
Sho 63-208573]. 

[0126] The title compound was obtained from 436 mg (0.97 mmol) of this compound in the same manner as that of 
Example 3-2). 

Yield: 250 mg (0.59 mmol) (60.8 %) 
Optical yield: 94 % e. e. 
[a]D+30.4 (cl.01.MeOH) 

1 H-NMR (DMSO-de): 2.26 (3H. s), 2.30 (3H, s). 4.58-4.78 (2H, m), 4.94 (1H, s). 6.32 (1H, dt). 6.51 (1H. d), 7.12- 
7.43 (9H, m). 8.86 (1H, s) 

Example 35 Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(2-phenyiethynyl)-1.4-dihydropyridine-3 f 5- 
dicarboxylate: 

1) Synthesis of (3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 2.6-dimethyl-4-(2-phenylethynyl)-1 ,4-dihydropyridine-3.5- 
dicarboxylate: 

[0127] The title compound was obtained from 41 4 mg (2.67 mmol) of 2-cyanoethyl acetoacetate. 574 mg (2.64 mmol) 
of cinnamyl 3-aminocrotonate and 0.325 ml (2.66 mmol) of phenylpropargylaldehyde in the same manner as that of 
Example 1-1). 

Yield: 793 mg (1.70 mmol) (64.4 %) 
MS (ESI, m/z) 465 (M-H)" 

1 H-NMR (CDCI 3 ): 2.36 (3H. s), 2.36 (3H, s). 2.76 (2H, t), 4.32-4.51 (2H, m). 4.75-5.02 (2H, m), 5.02 (1H, s), 5.82 
(1H, s), 6.36 (1H, dt). 6.72 (1H. d), 7.14-7.36 (10H t m) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 2.6-dimethyl-4-(2-phenylethynyl)-1,4-dihydropyridine-3 l 5<Jicarboxy- 
late: 

[0128] The title compound was obtained from 532 mg (1.14 mmol) of (3-phenyl-2-propene-l-yl) 3-(2-cyanoethyl) 2,6- 
dimethyl-4-(2-phenylethynyl)-1.4-dihydropyridine-3,5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 387 mg (0.93 mmol) (82.0 %) 
MS (ESI, m/z) 412 (M-H)' 

1 H-NMR (DMSO-d 6 ): 2.25 (3H, s), 2.29 (3H, s), 4.67-4.95 (2H, m), 4.89 (1H, s), 6.42 (1H. dt), 6.71 (1H, d). 7.21- 
7.33 (8H, m), 7.34-7.40 (2H, m), 8.98 (1H, s) 

Example 36 Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(2-methylphenyl)-1 t 4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of (3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 2,6-dimethyl-4-(2-methylphenyl)-1,4-dihydropyridine-3,5- 
dicarboxylate: 

[0129] The title compound was obtained from 306 mg (1 .97 mmol) of 2-cyanoethyl acetoacetate, 434 mg (2.00 mmol) 
of cinnamyl 3-aminocrotonate and 0.23 ml (1.99 mmol) of 2-methylphenylaldehyde in the same manner as that of 
Example 1-1). 
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Yield: 383 mg (0.84 mmol) (42.6 %) 
MS (ESI, m/z) 455 (M-H)* 

1 H-NMR (CDCI3): 2.34 (3H, s), 2.34 (3H, s), 2.54 (3H, s), 2.59 (2H, t). 4.24 (2H, t), 4.67-4.74 (2H ( m). 5.18 (1H, s), 
5.63 (1H, s). 6.18 (1H, dt), 6.44 (1H, d), 7.00-7.12 (2H, m), 7.23-7.33 (7H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(2-methylphenyl)-1,4<lihydropyridine-3 l 5-dicarboxylate: 

[01 30] The title compound was obtained from 378 mg (0.83 mmol) of (3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 2,6- 
dimethyl-4-(2-methylphenyl)-1 t 4-dihydropyridine-3,5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 225 mg (0.56 mmol) (67.4 %) 
MS (ESI, m/z) 402 (M-H)' 

1 H-NMR (DMSO-d 6 ): 2.22 (3H, s), 2.27 (3H, s), 2.47 (3H, S), 4.63 (2H, m), 5.03 (1H, s), 6.26 (1H, dt), 6.42 (1H, d), 
6.91-7.00 (2H, m), 7.02-7.09 (1H, m), 7.20-7.38 (6H, m), 8.68 (1H, s) 

Example 37 Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(pyridine-3-yl)-1,4-dihydropyridine-3.5-clicar- 
boxytate: 

1) Synthesis of (3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 2,6-dimethyl-4-(pyridine-3-yl)-1,4-dihydropyridine-3,5-dicar- 
boxylate: 

[0131] 384 mg (2.48 mmol) of 2-cyanoethyl acetoacetate, 542 mg (2.49 mmol) of cinnamyl 3-aminocrotonate and 
0.235 ml (2.49 mmol) of 3-pyridylaldehyde were heated at 80°C under stirring in 20 ml of 2-propanol overnight. 2-Pro- 
panol was evaporated under reduced pressure, and the residue was purified by the silica gel chromatography (chloro- 
form / methanol = 50:1) to obtain the title compound. 

Yield: 758 mg (1.71 mmol) (68.9 %) 
MS (ESI. m/z) 442 (M-H)" 

1 H-NMR (CDCI3): 2.37 (6H, s), 2.62 (2H, t), 4.25 (2H, dt). 4.72 (2H, dt), 5.02 (1H, s). 6.15 (1H, brd), 6.23 (1H, dt), 
6.53 (1H. d). 7.12-7.18 (1H. m), 7.22-7.38 (5H t m), 7.64 (1H, dt), 8.38 (1H, dd), 8.55 (1H. d) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(pyridine-3-yl)-1,4-dihydropyridine-3.5-dicarboxylate: 

[01 32] The title compound was obtained from 655 mg (1 .48 mmol) of (3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 2,6- 
dimethyl-4-(pyridine-3-yl)-1,4-dihydropyridine-3,5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 494 mg (1.27 mmol) (85.6 %) 
MS (ESI, m/z) 389 (M-H)" 

1 H-NMR (DMSO-dg): 2.27 (3H, s). 2.31 (3H, s), 4.60-4.76 (2H, m), 4.92 (1H, s), 6.31 (1H, dt), 6.49 (1H, d), 7.21- 
7.42 (6H, m), 7.49-7.55 (1H, m), 8.29-8.34 (1H, m), 8.40 (1H, d), 8.90 (1H, s) 

Example 38 Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(furan-3-yl)-1,4-dihydropyridine-3,5-dicarbox- 
ylate: 

1) Synthesis of (3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 2,6-dimethyl-4-(furan-3-yl)-1,4-dihydropyridine-3,5-dicarbo- 
xylate: 

[0133] The title compound was obtained from 401 mg (2.58 mmol) of 2-cyanoethyl acetoacetate, 560 mg (2.58 mmol) 
of cinnamyl 3-aminocrotonate and 0.22 ml (2.54 mmol) of 3-f urylaldehyde in the same manner as that of Example 1 -1 ). 

Yield: 745 mg (1.72 mmol) (66.8 %) 
MS (ESI, m/z) 431 (M-H)" 

1 H-NMR (CDCI3): 2.33 (6H, s). 2.68 (2H, t). 4.24-4.40 (2H. m), 4.72-4.87 (2H, m), 5.01 (1H, s), 6.29 (1H. m), 6.30 
(1H,dt), 6.59 (1H. d), 7.18-7.40 (7H. m) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(furan-3-yl)-1,4-dihydropyridine-3,5<iicarboxylate: 
[0134] The title compound was obtained from 602 mg (1 .39 mmol) of (3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 2.6- 
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dimethyt-4-(furan-3-yl)-l ,4-dihydropyridine-3,5-dicartx>xylate in the same manner as that of Example 3-2). 

Yield: 373 mg (0.98 mmol) (70.7 %) 
MS (ESI. m/z) 378 (M-H)" 

1 H-NMR (DMSO-d 6 ): 2.23 (3H, s), 2.27 (3H, s), 4.65-4.82 (2H t m), 4.84 (1H, s), 6.22 (1H t m), 6.39 (1H, dt), 6.58 
(1H, d), 7.16 (1H, m), 7.22-7.38 (3H, m), 7.39-7.46 (3H, m), 8.82 (1H, s) 

Example 39 Synthesis of mono(3-(pyridine-3-yl)-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine- 
3,5-dicarboxylate: 

1) Synthesis of 5-(3-(pyridine-3-yl)-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2 l 6-dimethyl-1,4-dihydropyrid- 
ine-3,5-dicarboxylate: 

[0135] 387 mg (2.51 mmol) of 2-cyanoethyl 3-aminocrotonate t 547 mg (2.49 mmol) of (3-(pyridine-3-yl)-2-propene-1 - 
yl) acetoacetate, and 0.285 ml (2.51 mmol) of 3-chlorobenzaldehyde were heated at 80°C under stirring in 20 ml of 2- 
propanol overnight. 2-Propanol was evaporated under reduced pressure, and the residue was purified by the silica gel 
chromatography (chloroform / methanol = 100:1) to obtain the title compound. 

Yield: 492 mg (1 .03 mmol) (41 .4 %) 
MS (ESI, m/z) 476 (M-H)* 

1 H-NMR (CDCI 3 ): 2.37 (3H, s), 2.38 (3H, s), 2.63 (2H, t) ( 4.22-4.31 (2H, m), 4.64-4.86 (2H, m), 5.02 (1H. s), 5.85 
(1H, s), 6.29 (1H, dt), 6.45 (1H, d), 7.09-7.28 (5H, m), 7.67 (1H, dd), 8.44-8.56 (2H, m) 

2) Synthesis of mono(3-(pyridine-3-yl)-2-propene-1 -yl) 4-(3-chlorophenyl)-2.6-dimethyl-1 ,4-dihydropyridine-3,5-dicar- 
boxylate: 

[0136] The title compound was obtained from 482 mg (1.01 mmol) of 5-(3-(pyridine-3-yl)-2-propene-1-yl) 3-(2-cya- 
noethyl) 4-(3-chlorophenyl)-2 t 6-dimethyl-1 ,4-dihydropyridine-3.5-dicarboxylate in the same manner as that of Example 
3-2). 

Yield: 236 mg (0.56 mmol) (55.0 %) 
MS (ESI, m/z) 423 (M-H)* 

'H-NMR (DMSO-d 6 ): 2.26 (3H, s), 2.31 (3H, s), 4.61-4.81 (2H, m), 4.94 (1H, s). 6.49 (2H, m), 7.12-7.20 (3H, m), 
7.22-7.29 (1 H, m). 7.34-7.40 (1 H, m). 7.85 (1 H, m), 8.45 (1 H. dd), 8.54 (1 H, d), 8.89 (1 H, s) 

Example 40 Synthesis of mono(3-(furan-2-yl)-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of 5-(3-(furan-2-yl)-2-propene-1 -yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine- 
3,5-dicaitoxylate: 

[0137] The title compound was obtained from 465 mg (3.02 mmol) of 2-cyanoethyl 3-aminocrotonate, 653 mg (3.13 
mmol) of (3-(furan-2-yl)-2-propene-1-yl) acetoacetate and 0.34 ml (3.0 mmol) of 3-chlorobenzaldehyde in the same 
manner as that of Example 1-1). 

Yield: 638 mg (1 .37 mmol) (45.5 %) 
MS (ESI, m/z) 465 (M-H)' 

1 H-NMR (CDCI3): 2.36 (6H, s), 2.63 (2H f t), 4.19-4.38 (2H, m), 4.61-4.80 (2H, m), 5.00 (1H, s), 5.76 (1H, s), 6.16 
(1H, dt), 6.22-6.38 (2H t m), 7.09-7.25 (4H, m), 7.34 (1H, s) 

2) Synthesis of mono(3-(furan-2-yl)-2-propene-1 -yl) 4-(3-chlorophenyl)-2,6-dimethyi-1 ,4-dihydropyridine-3,5-dicarbox- 
ylate: 

[0138] The title compound was obtained from 561 mg (1 .20 mmol) of 5-(3-(furan-2-yl)-2-propene-1-yl) 3-(2-cyanoe- 
thyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3.5-dicarboxylate in the same manner as that of Example 3- 
2). 

Yield: 221 mg (0.53 mmol) (44.6 %) 
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MS (ESI, m/z)412(M-H)- 

1 H-NMR (DMSO-d 6 ): 2.26 (3H, s), 2.30 (3H, s). 4.55-4.75 (2H, m), 4.91 (1H. s), 6.10 (1H, dt), 6.32 (1H, d), 6.36- 
6.50 (2H, m), 7.09-7.29 (4H, m), 7.61 (1H, s), 8.88 (1H, s) 

Example 41 Synthesis of mono(3-phenyl-2-propene-1 -yl) 4-(3-carboxyphenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-carboxyphenyl)-2,6-dimethyl-1 p 4-dihydropyridine- 
3,5-dicarboxylate: 

[0139] 466 mg (3.0 mmol) of 2-cyanoethyl 3-aminoacetate, 652 mg (3.0 mmol) of cinnamyl 3-aminocrotonate and 451 
mg (3.0 mmol) of 3-carboxybenzaldehyde were heated at 70°C under stirring in 15 m! of 2-propanol overnight. 2-Pro- 
panol was evaporated under reduced pressure, and the residue was purified by the silica gel chromatography (chloro- 
form / methanol = 9:1) to obtain the title compound. 

Yield: 833 mg (1.71 mmol) (57 %) 
MS (ESI, m/z) 485 (M-H)" 

1 H-NMR (CDCI 3 ): 2.30 (6H, s). 2.57 (2H, t). 4.12-4.28 (2H, m), 4.61-4.77 (2H, m), 5.07 (1 H, s), 6.20 (1 H, dt). 6.50 
(1H, d). 7.17-7.37 (7H, m), 7.49-7.57 (1H, m), 7.78-7.86 (1H, m), 7.99 (1H, bs) 

2) Synthesis of mono(3-phenyl-2-propene-1 -yl) 4-(3-carboxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3 l 5-dicarboxy- 
late: 

[0140] The title compound was obtained from 277 mg (0.569 mmol) of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 
4-(3-carboxyphenyl)-2,6<Jimethyl-1 ,4-dihydropyridine-3.5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 101 mg (0.232 mmol) (41 %) 
MS (ESI, m/z) 432 (M-H)" 

1 H-NMR (DMSO-ds): 2.26 (3H, s), 2.30 (3H, s), 4.57-4.74 (2H, m). 4.98 (1H, s), 6.31 (1H, dt). 6.48 (1H. d). 7.20- 
7.43 (7H. m), 7.67-7.72 (1H, m). 7.81-7.84 (1 H, m), 8.86 (1H, bs) 

Example 42 Synthesis of 3-phenyl-2-propene-1-yl 4-(3-chlorophenyl)-2,6-dimethyl-5-nitro-1 ,4-dihydropyridine-3-car- 
boxylate: 

[0141 ] "me title compound was obtained from 312 mg (3.03 mmol) of nitroacetone. 658 mg (3.03 mmol) of 2-cyanoe- 
thyl 3-aminocrotonate and 0.34 ml (3.0 mmol) of 3-chlorobenzaldehyde in the same manner as that of Example 1-1). 

Yield: 259 mg (0.61 mmol) (20.3 %) 
MS (ESI, m/z) 423 (M-H)' 

1 H-NMR (CDCI3): 2.41 (3H, S), 2.55 (3H, S), 2.55 (3H, s). 4.64-4.80 (2H, m). 5.43 (1H, s). 5.88 dH s), 6.19 (1H, 
dt), 6.53 (1H, d). 7.13-7.16 (2H. m), 7.21-7.38 (7H, m) 

Example 43 Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(2-naphthyl)-1,4-dihydropyridine-3,5-dicarbo- 
xylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 2.6-dimethyl-4-(2-naphthyl)-1,4-dihydropyridine-3 l 5<licar- 
boxylate: 

[0142] The title compound was obtained from 310 mg (2.0 mmol) of 2-cyanoethyl acetoacetate, 435 mg (2.0 mmol) 
of cinnamyl 3-aminocrotonate and 313 mg (2.0 mmol) of 2-naphthoaldehyde in the same manner as that of Example 1 - 
1). 

Yield: 429 mg (0.873 mmol) (44 %) 
MS (ESI. m/z) 491 (M-H)' 

1 H-NMR (CDCI3): 2.40 (6H. s), 2.57 (2H, t), 4.20-4.27 (2H. m). 4.60-4.80 (2H, m). 5.20 (1H. s). 5.73 (1H. bs). 6.17 
(1H, dt), 6.43 (1H, d), 7.16-7.77 (12H. m) 
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2) Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6<limethyl-4-(2-naphthyl)-1,4-dihydropyridine-3,5-dicarboxylate: 

[0143] The title compound was obtained from 429 mg (0.873 mmol) of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 
2,6-dimethyl-4-(2-naphthyl)-1,4-dihydropyridine-3 I 5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 234 mg (0.533 mmol) (61 %) 
MS (ESI, m/z) 438 (M-H)~ 

1 H-NMR (DMSO-d 6 ): 2.28 (3H ( s), 2.32 (3H, s), 4.56-4.77 (2H f m) f 5.12 (1H, s). 6.27 (1H, dt) ( 6.39 (1H, d). 7.16- 
7.30 (5H, m), 7.38-7.46 (3H, m), 7.58-7.60 (1 H, m), 7.73-7.82 (3H, m), 8.84 (1 H, bs) 

Example 44 Synthesis of mono(3-phenyl-2-propene-l -yl) 2,6-dimethyl-4-(3-phenyl-2-propene-1-yl)-1,4-dihydropyrid- 
ine-3,5-dicarboxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 2,6-dimethyl-4-(3-phenyl-2-propene-1-yl)-1 ,4-dihydropyri- 
dine-3 f 5-dicarboxy!ate: 

[0144] The title compound was obtained from 31 0 mg (2.0 mmol) of 2-cyanoethyl 3-acetoacetate, 435 mg (2.0 mmol) 
of cinnamyl 3-aminocrotonate and 0.253 ml (2.0 mmol) of cinnamaldehyde in the same manner as that of Example 1-1 ). 

Yield: 520 mg (1.1 1 mmol) (56 %) 
MS (ESI, m/z) 467 (M-H)" 

1 H-NMR (CDd 3 ): 2.34 (6H. s), 2.70 (2H, t), 4.30-4.42 (2H, m), 4.66 (1H, d). 4.70-4.92 (2H. m), 5.69 (1H, bs), 6.12- 
6.35 (3H, m), 6.65 (1H, d), 7.13-7.33 (10H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1 -yl) 2,6-dimethyl-4-(3-phenyl-2-propene-1-yl)-1,4-dihydropyridine-3,5- 
dicarboxylate: 

[0145] The title compound was obtained from 520mg (1.11 mmol) of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 
2 t 6-dimethyl-4-(3-phenyl-2-propene-1-yl)-1,4-dihydropyridine-3 t 5-dicarboxylate in the same manner as that of Example 
3-2). 

Yield: 146 mg (0.351 mmol) (32 %) 
MS (ESI, m/z) 414 (M-H)" 

1 H-NMR (DMSO-d 6 ): 2.25 (3H, s), 2.29 (3H, s), 4.51 (1H, t), 4.63-4.87 (2H. m), 6.12 (1H, d), 6.39 (1H. dt), 6.63 
(1H, d), 7.13-7.37 (10H. m), 8.79 (1H, m) 

Example 45 Synthesis of 3-(3-phenyl-2-propene-1 -yl) 4-(3-chlorophenyl)-2-dimethoxymethyl-6-methyl-1 f 4<iihydropyri- 
dine-3,5-dicarboxylate: 

1) Synthesis of (3-phenyl-2-propene-1 -yl) 4,4-dimethoxy-3-oxobutyrate: 

[0146] 2.68 g (14.1 mmol) of ethyl 4,4-dimethoxy-3-oxobutyrate, 5.14 ml (40.0 mmol) of cinnamyl alcohol and 244 mg 
(2.0 mmol) of 4-dimethylaminopyridine were heated under reflux in 40 ml of toluene for two nights. A phosphate buffer 
solution was added to the reaction liquid. After the extraction with ethyl acetate, the organic layer was washed with a 
saturated aqueous salt solution and then dried over anhydrous sodium sulfate. The solvent was distilled under reduced 
pressure, and the residue was purified by the silica gel chromatography (hexane / ethyl acetate = 9/1) to obtain the title 
compound. 

Yield: 2.83 g (1 0.2 mmol) (72 %). 
MS (ESI, m/z) 277 (M-H)" 

1 H-NMR (CDCI 3 ): 3.42 (6H, s), 3.63 (2H, s), 4.59 (1H, s), 4.78-4.83 (2H, m), 6.28 (TH. dt). 6.67 (1H, d), 7.23-7.42 
(5H, m) 

2) Synthesis of 3-(3-phenyl-2-propene-1-yl) 5-(2-cyanoethyl) 4-(3-chlorophenyl)-2-dimethoxylmethyl-6-methyl-1,4-dihy- 
dropyridine-3,5-dicarboxylate: 

[0147] 2.09 g (7.5 mmol) of (3-phenyl-2-propene-1-yl) 4,4-dimethoxy-3-oxobutyrate, 0.85 ml (7.5 mmol) of 3-chlo- 
robenzaldehyde and 0.1 ml of piperidine were heated under reflux in 7.5 ml of benzene overnight while water was 
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removed. The reaction liquid was washed was water and dried over anhydrous sodium sulfate. The solvent was distilled 
under reduced pressure, and the residue was heated together with 1 . 16 g (7.5 mmol) of 2-cyanoethyl 3-aminocrotonate 
at 70°C in 37.5 ml of 2-propanol under stirring for four nights. The heating and stirring were continued at 120 °C over- 
night while 2-propanoi was evaporated under atmospheric pressure. The residue was purified by the silica gel chroma- 
tography (hexane / ethyl acetate « 2/1) to obtain the title compound. 

Yield: 2.02 g (3.76 mmol) (76 %). 
MS (ESI, m/z) 535 (M-H)' 

1 H-NMR (CDCI 3 ): 2.39 (3H, s), 2.61 (2H, t), 3.44 (3H, s), 3.47 (3H, s), 4.19-4.32 (2H, m), 4.66-4.83 (2H. m), 5.05 
(1H, s), 6.04 (1H, s), 6.24 (1H, dt), 6.56 (1H. d) t 6.83 (1H, bs), 7.10-7.39 (9H. m) 

3) Synthesis of 3-(3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2-dimethoxylmethyl-6-methyl-1,4-dihydropyridine-3,5- 
dicarboxylate: 

[0148] 50.5 mg (0.094 mmol) of 3-(3-phenyl-2-propene-1 -yl) 5-(2-cyanoethyl) 4-(3-chlorophenyl)-2-dimethoxylmethyl- 
6-methyt-1 ,4-dihydropyridine-3,5-dicarboxylate was dissolved in 1 .88 ml of methanol. 0.188 ml of 1 N aqueous sodium 
hydroxide solution was added to the obtained solution, and they were stirred at room temperature for 2 hours. An aque- 
ous potassium hydrogensulfate solution was added to the reaction mixture, and then methanol was evaporated under 
reduced pressure The residue was washed with water and hexane / ethyl acetate (3:1) and then dried under reduced 
pressure to obtain the title compound. 

Yield: 1 1 .0 mg (0.023 mmol) (24 %). 
MS (ESI.m/2) 482 (M-H)- 

1 H-NMR (CDCI3): 2.38 (3H, s). 3.43 (3H, s), 3.47 (3H, s). 465-4.83 (2H. m), 5.06 (1H, s) f 6.04 (1H. s), 6.23 (1H, 
dt), 6.54 (1 H, d), 6.86 (1 H, bs), 7.07-7.38 (9H, m) 

Example 46 Synthesis of 3-(3-phenyl-2-propene-1 -yl) 4-(3-chlorophenyl)-2-cyano-6-methyl-1 ,4-dihydropyridine-3.5- 
dicarboxyiate: 

1) Synthesis of 3-(3-phenyl-2-propene-1 -yl) 5-(2-cyanoethyl) 4-(3-chlorophenyi)-2-formyl-6-methyl-1 ,4-dihydropyridine 
3,5-dicarboxylate: 

[0149] 1 .82 g (3.38 mmol) of 3-(3-phenyl-2-propene-1 -yl) 5-(2-cyanoethyl) 4-(3-chlorophenyl)-2-dimethoxylmethyl-6- 
methyl-1 ,4-dihydropyridine-3,5-dicarboxylate was dissolved in 12.7 ml of acetone. 1 .27 ml of 6 N hydrochloric acid was 
added to the obtained solution, and they were stirred at 0°C for 6 hours. Acetone was evaporated under reduced pres- 
sure, and then water was added to the residue. After the extraction with chloroform, the organic layer was successively 
washed with a saturated aqueous sodium hydrogencarbonate solution and saturated aqueous salt solution, and th n 
dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pressure and the residue was purified 
by the silica gel chromatography (hexane / ethyl acetate = 3/1) to obtain the title compound. 

Yield: 290 g (0.590 mmo!) (17 %). 
MS (ESI, m/2) 489 (M-H)" 

1 H-NMR (CDCI3): 2.44 (3H, s), 2.62 (2H, t), 4.22-4.30 (2H, m), 4.76-4.91 (2H, m), 5.14 (1H, s), 6.25 (1H, dt), 6.62 
(1H, d), 7.03 (1H, bs), 7.14-7.40 (9H, m), 10.51 (1H, s) 

2) Synthesis of 3-(3-phenyl-2-propene-1-yl) 5-(2-cyanoethyl) 4-(3-chlorophenyl)-2-cyano-6-methyl-1 ,4-dihydropyridine- 
3,5-dicarboxylate: 

[0150] 290 mg (0.590 mmol) of 3-(3-phenyl-2-propene-1 -yl) 5-(2-cyanoethyl) 4-(3-chlorophenyl)-2-formyl-6-methyl- 
1,4-dihydropyridinne-3,5-dicarboxylate, 49.6 mg (0.711. mmol) of hydroxylamine hydrochloride and 72.6 mg (0.886 
mmol) of sodium acetate were heated at 45°C under stirring for 5 hours. 0.195 ml (2.06 mmol) of acetic anhydride was 
added to the reaction liquid and they were stirred at 45°C for 1 .5 hours and then at 100 °C under stirring overnight. The 
solvent was evaporated under reduced pressure, and saturated aqueous sodium hydrogencarbonate solution was 
added to the residue. After the extraction with ethyl acetate, the organic layer was washed with water and then dried 
over anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure, and the residue was purified 
by the silica gel chromatography (hexane / ethyl acetate = 1/1) to obtain the title compound. 

Yield: 155 mg (0.318 mmol) (54 %). 
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MS (ESI, m/z) 486 (M-H)" 

1 H-NMR (CDCI3): 2.39 (3H, s). 2.62 (2H, t), 4.18-4.33 (2H, m), 4.75-4.93 (2H, m), 5.08 (1H, s), 6.25 (1H, dt), 6.63 
(1H,d), 7.16-7.39 (9H,m) 

3) Synthesis of 3-(3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2-cyano-6-methyl-1 ,4<lihydropyridine-3.5-dicarboxy- 
tate: 

[0151] 82.3 mg (1.69 mmol) of 3-(3-phenyl-2-propene-1 -yl) 5-(2-cyanoethyl) 4-(3-chlorophenyl)-2-cyano-6-methyl- 
1.4-dihydropyridine-3,5-dicarboxylate was dissolved in 1.69 ml of tetrahydrofuran. 0.338 ml of 1 N aqueous sodium 
hydroxide solution was added to the obtained solution, and they were stirred at room temperature for 7 hours. An aque- 
ous potassium hydrogensulfate solution was added to the reaction mixture, and then tetrahydrofuran was evaporated 
under reduced pressure. The residue was washed with water and hexane / ethyl acetate (1 :2) and then dried under 
reduced pressure to obtain the title compound. 

Yield: 33.2 mg (0.076 mmol) (45 %). 
MS (ESI, m/z) 433 (M-H)" 

1 H-NMR (d6-DMSO): 2.29 (3H, s), 4.70-4.90 (2H, m). 5.02 (1H, s), 6.31 (1H, dt). 6.60 (1H, d), 7.10-7.42 (9H, m) 

Example 47 Synthesis of mono(2-phenyloxyethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxy- 
late: 

1) Synthesis of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine 3,5-dicarboxylate: 

[0152] 3.53 g (22.9 mmol) of 2-cyanoethyl 3-aminocrotonate, 4.40 g (22.9 mmol) of benzyl acetoacetate and 2.60 ml 
(23.0 mmol) of 3-chlorobenzaldehyde were heated at 80°C under stirring in 1 00 ml of 2-propanol for 3 days. 2-Propanol 
was evaporated under reduced pressure to obtain 5-benzyl 3-(cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydro- 
pyridine-3.5-dicarboxytate. 100 rrd of ethyl acetate and 1 0 % palladium/carbon were added to the reaction mixture, and 
they were stirred at room temperature in hydrogen atmosphere under atmospheric pressure for 7 days. The reaction 
liquid was filtered. The filtrate was evaporated under reduced pressure. The residue was washed with chloroform to 
obtain the title compound. 

Yield: 4.82 g (13.4 mmol) (58.4 %). 
MS (ESI, m/z) 359 (M-H)" 

1 H-NMR (DMSO-ds): 2.27 (3H, s), 2.29 (3H, s), 2.79-2.86 (2H, m), 4.15 (2H, t), 4.87 (1H, s). 7.10-7.28 (5H, m), 
8.90 (1H,s) 

2) Synthesis of 5-(2-phenyloxyethyl) 3-(2-cyanoethyi) 4-(3-chlorophenyl)-2,6<limethyl-1,4<lihydropyridine-3,5-dicarbo- 
xylate: 

[0153] 250 mg (0.69 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl-2,6-dimethyl-1 ,4-dihydropyridine-3,5-dicarbox- 
ylate, 0.1 ml (0.8 mmol) of 2-phenyloxyethanol, 187 mg (0.98 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride and 18 mg (0.15 mmol) of 4-dimethylaminopyridine were stirred at room temperature for 2 days. Water 
was added to the obtained mixture. After the extraction with chloroform, the organic layer was dried over anhydrous 
magnesium sulfate. The solvent was evaporated under reduced pressure, and the residue was purified by the silica gel 
chromatography (hexane / ethyl acetate = 2/1) to obtain the title compound. 

Yield: 168 mg (0.35 mmol) (50.3 %). 
MS (ESI, m/z) 479 (M-H)" 

1 H-NMR (CDCI3): 2.34 (3H, s), 2.37 (3H, s), 2.56 (2H, t), 4.08-4.28 (4H, m), 4.33-4.48 (2H, m), 4.99 (1H, s), 5.73 
(1K s), 6.88-7.11 (4H, m), 7.17-7.23 (2H, m), 7.26-7.33 (3H, m) 

3) Synthesis of mono(2-phenyloxyethyl) 4-(3-chlorophenyl)-2 ,6-di methyl- 1,4-dihydropyridine-3.5-dicarboxy late: 

[01 54] The title compound was obtained from 1 61 mg (0.33 mmol) of 5-(2-phenyloxyethyl) 3-(2-cyanoethyl) 4-(3-chlo- 
rophenyl)-2 f 6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 109 mg (0.25 mmol) (77.2 %) 
MS (ESI, m/z) 426 (M-H)" 
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1 H-NMR (DMSO-d 6 ): 2.25 (3H, s), 2.27 (3H, s), 4.02-4.38 (4H, m), 4.88 (1H, s), 6.91-6.99 (3H f m), 7.10-7.18 (4H, 
m). 7.29 (2H,t), 8.84 (1H. s) 

Example 48 Synthesis of mono(4-phenyibutyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3,5-dicarboxylate: 

5 

1) Synthesis of 5-(4-phenylbutyl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2 l 6-dimethyl-1 ,4-dihydropyridine 3,5-dicarboxy- 
late: 

[0155] 259 mg (0.71 8 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3,5-dicarbo- 
io xylate, 0.122 ml (0.79 mmol) of 4-phenylbutyl alcohol, 193 mg (1.01 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbo- 
diimide hydrochloride and 17.5 mg (0.144 mmol) of 4-dimethylaminopyridine were stirred together in 7.2 ml of 
dichloromethane at room temperature overnight. Water was added to the reaction liquid. After the extraction with chlo- 
roform, the organic layer was dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pres- 
sure, and the residue was purified by the silica gel chromatography (hexane / ethyl acetate = 1/1) to obtain the title 
75 compound. 

Yield: 135.5 mg (0.275 mmol) (38 %). 
MS (ESI, m/z) 491 (M-H)* 

1 H-NMR (CDCl 3 ): 1.54-1.76 (4H, m), 2.33 (6H, s), 2.54-2.70 (2H, m), 3.97-4.14 (2H, m), 4.14-4.30 (2H, m), 4.95 
20 (1H, s), 5.86 (1H, bs). 7.10-7.30 (9H, m) 

2) Synthesis of mono(4-phenylbutyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate: 

[0156] 135.5 mg (0.275 mmol) of 5-(4-phenylbutyl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyri- 
25 dine-3,5-dicarboxylate was dissolved in 2.75 ml of tetrahydrofuran. 0.55 ml of 1 N aqueous sodium hydroxide solution 
was added to the obtained solution, and they were stirred at room temperature for 1 6 hours. 2 N Hydrochloric acid was 
added to the reaction mixture, and then tetrahydrofuran was evaporated under reduced pressure. After the extraction 
with ethyl acetate, the organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced 
pressure. The residue was washed with hexane / ethyl acetate (5:1) and then dried under reduced pressure to obtain 
30 the title compound. 

Yield: 42.3 mg (0.0961 mmol) (35%). 
MS (ESI, m/z) 438 (M-H)* 

^-NMR (DMSO-d 6 ): 1 .45-1 .55 (4H, m), 2.24 (3H, s). 2.26 (3H, s), 2.45-2.55 (2H, m), 3.92-4.08 (2H, m), 4.86 (1H, 
35 s), 7.07-7.30 (9H, m), 8.77 (1 H, bs) 

Example 49 Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-hydroxyphenyl)-2,6-dimethyl-1 l 4-dihydropyridine-3 i 5- 
dicarboxylate: 

40 1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-hydroxyphenyl)-2,6-dimethyl-1 ,4<lihydropyridine-3,5- 
dicarboxylate: 

[0157] The title compound was obtained from 454 mg (2.92 mmol) of 2-cyanoethyl acetoacetate, 641 mg (2.95 mmol) 
of cinnamyl 3-aminocrotonate and 358 mg (2.93 mmol) of 3-hydroxybenzaldehyde in the same manner as that of Exam- 
45 pie 1-1). 

Yield: 651 mg (1.42 mmol) (48.7 %) 
MS (ESI, m/z) 457 (M-H)* 

1 H-NMR (CDCI3): 2.32 (3H, s), 2.37 (3H, s), 2.67 (2H, t) 4.16-4.42 (2H, m), 4.62-4.82 (2H, m), 4.99 (1H, s). 5.78 
so (1H, s), 6.23 (1H, dt), 6.51 (1H, d), 6.66 (1R dd), 6.82 OH. d), 6.94 (1H, m), 7.09 (1H. t), 7.20-7.38 (5H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-hydroxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxy- 
late: 

55 [0158] The title compound was obtained from 541mg (1.18 mmol) of 5-(3-(phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 4- 
(3-hydroxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 358 mg (0.88 mmol) (74.6 %) 
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MS (ESI, m/z) 404 (M-H)~ 

1 H-NMR (DMSO-d 6 ): 2.24 (3H, s), 2.29 (3H, s), 4.60-4.77 (2H, s), 4.89 (1H, s), 6.33 (1H, dt), 6.46-6.55 <2H, m), 
6.60-6.66 (2H, m), 6.97 (1H, t), 7.22-7.42 (5H. m), 8.75 (1H t s) t 9.12 (1H, s) 

Example 50 Synthesis of mono(3-phenyloxypropyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dity^ 
late: 

1) Synthesis of 5-(3-phenyloxypropyl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6<Jimethyl-1 ,4-dihydropyridine-3,5<Jicar- 
boxylate: 

[01 59] 250 mg (0.69 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3,5-dicarbox- 
ylate, 130 mg (0.85 mmol) of 3-phenyloxypropanol, 162 mg (0.84 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodi- 
imide hydrochloride and 21 mg (0.17 mmol) of 4-dimethylaminopyridine were stirred together in 10 ml of 
dichloromethane at room temperature overnight. Water was added to the reaction liquid. After the extraction with dichlo- 
romethane, the organic layer was dried over anhydrous sodium sulfate. The solvent was evaporated under reduced 
pressure, and the residue was purified by the silica gel chromatography (hexane / ethyl acetate = 2/1) to obtain the title 
compound. 

Yield: 195 mg (0.39 mmol) (57.0 %). 
MS (ESI, m/z) 493 (M-H)" 

1 H-NMR (CDCI 3 ): 2.04-2.13 (2H, m), 2.35 (3H, s), 2.36 (3H, s). 2.57-2.63 (2H. m), 3.88-3.96 (2H, m), 4.18-4.35 
(4H, m), 4.94 (1H ( s), 6.68 (1H, s), 6.82-6.98 (3H, m), 7.08-7.38 (6H, m) 

2) Synthesis of mono(3-phenyloxypropyl) 4-(3-chlorophenyl)-2,6-dimethyl-1.4-dihydropyridine-3,5<iicaitK)xylate: 

[0160] The title compound was obtained from 195 mg (0.39 mmol) of 5-(3-phenyloxypropyl) 3-(2-cyanoethyl) 4-(3- 
chlorophenyl)-2.6-dimethyl-1 ,4-dihydropyridine-3.5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 104 mg (0.23 mmol) (59.5 %). 
MS (ESI, m/z) 440 (M-H)- 

1 H-NMR (DMSOd 6 ): 1.95-2.02 (2H. m), 2.24 (3H, s), 2.27 (3H, s), 3.82-3.94 (2H, m), 4.02-4.20 (2H, m), 4.87 (1H. 
s), 6.81-6.96 (3H. m), 7.08-7.36 (6H, m), 8.83 (1H, s) 

Example 51 Synthesis of mono(2-phenylcyclopropylmethyl) 4-(3-chlorophenyl)-2 t 6-dimethyl-1 l 4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of 5-(2-phenylcyclopropylmethyl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine 
3,5-dicart>oxylate: 

[01 61 ] 306 mg (0.85 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2 t 6-dimethyl-1 ,4-dihydropyridine-3, 5-dicarbox- 
ylate, 188 mg (1.27 mmol) of 2-phenylcyclopropylmethanol. 243 mg (1.27 mmol) of 1-(3-dimethylaminopropyl)-3-ethyl- 
carbodiimide hydrochloride and 23 mg (0.18 mmol) of 4-dimethylaminopyridine were stirred together in 10 ml of 
dichloromethane at room temperature for one hour. Water was added to the reaction liquid. After the extraction with 
dichloromethane, the organic layer was dried over anhydrous sodium sulfate. The solvent was evaporated under 
reduced pressure, and the residue was purified by the silica gel chromatography (hexane / ethyl acetate = 2/1) to obtain 
the title compound. 

Yield: 187 mg (0.38 mmol) (44.7 %). 
MS (ESI, m/z) 489 (M-H)" 

1 H-NMR(CDCl3) :0.84-1.02 (2H, m), 1.42-1.52 (1H, m), 1.79-1.88 (1H, m), 2.35 (3H, s), 2.37 (3H, s), 2.56 (2H, t), 
3.96-4. 12~(2H, m), 4.18-4:30 (2 H. m), 4.99 (1 H, s), 5:70 (1H, s), 7:00-7:33 (9H; m) 

2) Synthesis of mono(3-phenylcyclopropyl methyl) 4-(3-chlorophenyl)-2.6-dimethyl-1 ,4-dihydropyridine-3,5-dicarboxy- 
late: 

[0162] The title compound was obtained from 181 mg (0.37 mmol) of 5-(2-phenylcydopropylmethyl) 3-(2-cyanoethyl) 
4-(3-chlorophenyl)-2,6<iimethyl-1,4-dihydropyridine-3,5-dicarboxylate in the same manner as that of Example 3-2). 
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Yield: 41 mg (0.09 mmol) (25.3 %). 
MS (ESI, m/z) 436 (M-H)* 

1 H-NMR (DMSO-d 6 ): 0.78-1.00 (2H, m), 1.31-1.43 (1H, m), 1.82-1.92 (1H, m), 2.26 (6H, s), 3.88-4.08 (2H, m). 4.90 
(1H, s), 7.01-7.32 (9H, m), 8.81 (1H, s) 

Example 52 Synthesis of 3-(3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2-ethyl-6-methyl-1 l 4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of (3-phenyl-2-propene-1-yl) 3-oxovalerate: 

[0163] 1.26 ml (10.0 mmol) of methyl 3-oxovalerate. 2.57 ml (20.0 mmol) of cinnamyl alcohol and 122 mg (1 .0 mmol) 
of 4-dimethylaminopyridine were heated under reflux in 20 ml of toluene overnight. A phosphate buffer solution was 
added to the reaction liquid. After the extraction with ethyl acetate, the organic layer was washed with saturated aque- 
ous salt solution and then dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pressure, 
and the residue was purified by the silica gel chromatography (hexane / ethyl acetate = 9/1) to obtain the title com- 
pound. 

Yield: 1.94 g (8.36 mmol) (84 %). 
MS (ESI, m/z) 231 (M-H)" 

1 H-NMR (CDCI 3 ) : 1 .09 (3H. t). 2.57 (2H. d). 3.49 (2H, s). 4.80 (2H, d), 6.28 (1 H, dt), 6.67 (1 H. d), 7.23-7.42 (5H. m) 

2) Synthesis of 3-(3-phenyl-2-propene-1 -yl) 5-(2-cyanoethyl) 4-(3-chlorophenyl)-2-ethyl-6-methyl-1 t 4-dihydropyridine- 
3.5-dicarboxylate: 

[0164] 465 mg (2.0 mmol) of (3-phenyl-2-propene-1 -yl) 3-oxovalerate. 309 mg (2.0 mmol) of (2-cyanoethyl) 3-aminoc- 
rotonate and 0.227 ml (2.0 mmol) of 3-chlorobenzaldehyde were heated at 70°C under stirring in 10 ml of 2-propanol 
overnight. The reaction mixture was further heated at 120°C under stirring under atmospheric pressure for 3 hours to 
evaporate 2-propanol. The residue was purified by the silica gel chromatography (hexane / ethyl acetate = 2/1) to obtain 
the title compound. 

Yield: 494 g (1.01 mmol) (50 %). 
MS (ESI. m/z) 489 (M-H)* 

1 H-NMR (CDCI3): 1.19-1 .29 (3H. m), 2.37 (3H, s), 2.62 (2H. t), 2.65-2.87 (2H. m). 4.19-4.33 (2H, m), 4.64-4.80 (2H, 
m), 5.01 (1H, s), 5.82 (1H. bs), 6.23 (1H. dt). 6.53 (1H. d), 7.08-7.38 (9H, m) 

3) Synthesis of 3-(3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2-ethyl-6-methyl-1 ,4-dihydropyridine-3.5-dicarboxyiate: 

[0165] 494 mg (1 .01 mmol) of 3-(3-phenyl-2-propene-1 -yl) 5-(2-cyanoethyl) 4-(3-chlorophenyl)-2-ethyl-6-methyl-1 .4- 
dihydropyridine-3.5-dicarboxylate was dissolved in 10.1 ml of methanol. 1 .01 ml of 1 N aqueous sodium hydroxide solu- 
tion was added to the obtained solution, and they were stirred at room temperature for 4 hours. 2 N Hydrochloric acid 
was added to the reaction mixture. Methanol was evaporated under reduced pressure. After the extraction with ethyl 
acetate, the organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced pressure. 
The residue was washed with hexane / ethyl acetate (5:1) and dried under reduced pressure to obtain the title com- 
pound. 

Yield: 329 mg (1.61 mmol) (74 %). 
MS (ESI. m/z) 436 (M-H)" 

1 H-NMR (DMSO-d 6 ) : 1.10-1.20 (3H, m), 2.26 (3H. s), 2.63-2.80 (2H, m), 4.58-4.77 (2H. m). 4.93 (1H, s). 6.34(1H. 
dt). 6.50 (1H,d), 7.10-7.41 (9H, m). 8.85 (1H, bs) 

Example 53 Synthesis of mono(3.3-diphenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2.6-dimethyl-1,4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of 5-(3,3-diphenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4<Jihydropyridine- 
3.5-dicarboxylate: 

[0166] 308 mg (0.85 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3,5-dicarbox- 
ylate, 348 mg (1.65 mmol) of 3,3-diphenyl-2-propene-1-ol. 260 mg (1.36 mmol) of 1 -(3-dimethylaminopropyl)-3-ethyl- 
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carbodiimide hydrochloride and 26 mg (0.21 mmol) of 4-cfimethylaminopyridine were stirred together in 10 ml of 
dichloromethane at room temperature for one hour. Water was added to the reaction liquid. After the extraction with 
dichloromethane, the organic layer was dried over anhydrous sodium sulfate. The solvent was evaporated under 
reduced pressure, and the residue was purified by the silica gel chromatography (hexane / ethyl acetate = 2/1 ) to obtain 
the title compound. 

Yield: 1 16 mg (0.21 mmol) (24.6 %). 
MS (ESI, m/z) 551 (M-H)" 

1 H-NMR (CDCI 3 ) : 2.36 (3H, s), 2.37 (3H, s), 2.63 (2H, t), 4.20^.34 (2H, m) f 4.54-4.68 (2H, m), 4.99 (1H, s), 5.69 
(1H, s), 6.13 (1H, t), 7.09-7.36 (14H, m) 

2) Synthesis of mono(3,3-diphenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxy- 
late: 

[0167] The title compound was obtained from 1 12 mg (0.21 mmol) of 5-(3,3-diphenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 
4-(3K3hlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 27 mg (0.05 mmol) (25.6 %). 
MS (ESI, m/z) 498 (M-H)* 

1 H-NMR (DMSOd 6 ) : 2.25 (3H, s), 2.27 (3H, s), 4.47 (2H, m), 4.89 (1H, s), 6.13 (1H, t), 7.05-7.42 (14H, m), 8.84 
OH.s) 

Example 54 Synthesis of 5-(3-phenyl-2-propene-1 -yl) 4-(3-cNorophenyl)-2-methyl-1,4-dihydropyridine-3,5-dicarboxy- 
late: 

1) Synthesis of (3-phenyl-2-propene-1 -yl) propiolate: 

[0168] 2.71 mg (44 mmol) of propiolic acid and 5.14 ml (40 mmol) of cinnamyl alcohol were dissolved in 20 nil of dry 
ether. The obtained solution was cooled to -20°C. 100 ml of a solution of 9.27 g (45 mmol) of dicyclohexylcarbodiimide 
and 0.36 g (30 mmol) of 4-dimethylaminopyridine in dry ether was dropped into the solution. The temperature of the 
obtained mixture was elevated to room temperature After stirring overnight the insoluble matter was filtered out. The 
filtrate was washed with 2 N hydrochloric acid and saturated aqueous salt solution, and then dried over anhydrous 
sodium sulfate. The solvent was evaporated under reduced pressure, and the residue was purified by the silica gel chro- 
matography (hexane / ethyl acetate =10/1) to obtain the title compound. 

Yield: 4.78 g (25.7 mmol) (64 %). 

1 H-NMR (CDCI3) : 2.89 (1H, s), 4.84 (2H, d), 6.28 (1H, dt), 6.70 (1H, d), 7.23-7.42 (5H, m) 

2) Synthesis of 5-(3-phenyl-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2-methyl-1,4-dihydropyridine-3,5-dicar- 
boxylate: 

[0169] 466 mg (3.0 mmol) of (2-cyanoethyl) acetoacetate, 0.34 ml (3.0 mmol) of 3-chlorobenzaldehyde and 0.0297 
ml of piperidine were heated under reflux in 3.0 ml of benzene for 7 hours while water was removed. The reaction liquid 
was washed with water and then dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced 
pressure. The obtained residue was heated to 70°C together with 559 mg (3.0 mmol) of (3-phenyl-2-propene-1 -yl) pro- 
piolate and 232 mg (3.0 mmol) of ammonium acetate under stirring in 3 ml of acetic acid for 13 hours, then at 120°C 
under stirring for 4 hours. Acetic acid was evaporated under reduced pressure, and the residue was purified by the silica 
gel chromatography (hexane / ethyl acetate = 1/1) to obtain the title compound. 

Yield: 257 mg (0.556 mmol) (19%). 
MS (ESI; m/z) 461 (M-H)" 

1 H-NMR (CDCI3) : 2.34 (3H, s), 2.58 (2H, t), 4.18-4.31 (2H, m), 4.61-4.81 (2H, m). 4.94 (1H, s), 6.21 (1H, dt), 6.48 
(1H, bs), 6.53 (1H, d), 7.10-7.41 (10H, m) 

3) Synthesis of 5-(3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2-methyl-1,4-dihydropyridine-3.5-dicarboxylate: 

[01 70] 257 mg (0.556 mmol) of 5-(3-phenyl-propene-1 -yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2-methyl-1 ,4-dihydro- 
pyridine-3,5-dicarboxylate was dissolved in 5.56 ml of methanol. 0.556 ml of 1 N aqueous sodium hydroxide solution 
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Yield: 1.80 g (14.6 mmol) (37 %) 
H-NMR (CDCy : 275 (2H> t) . ^ g) ^ ^ ^ 
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MS (ESI, m/z) 455 (M-H)" 

1 H-NMR (CDCI3) : 2.27 (3H. s), 2.35 (3H, s); 2.36 (3H, s). 2.61 (2H. t) ( 4.20-4.30 (2H, m). 4.63-4.82 (2H, m), 4.99 
(1H, s). 5.64 (1H, s), 6.22 (1H, dt), 6.47 (1H, d), 7.02 (2H, d), 7.20 (2H, d), 7.23-7.34 (5H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(4-methylphenyi)-1 ,4<lihydropyridine-3,5-dicarboxylate: 

[0179] The title compound was obtained from 340 mg (0.75 mmol) of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 
2,6-dimethyl-4-(4-met^lphenyl)-1 l 4-dihydropyridine-3 > 5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 226 mg (0.56 mmol) (75.2 %). 
MS (ESI, m/z) 402 (M-H)- 

1 H-NMR (DMSO-d 6 ) ■ 2.20 (3H, s), 2.23 (3H. S), 2.28 (3H, S). 4.56-4.76 (2H, m), 4.90 (1H, s). 6.30 (1H, dt), 6.43 
(1H, d). 6.99 (2H, d). 7.06 (2H, d), 7.22-7.38 (5H, m), 8.74 (1H, S) 

Example 59 Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(pyridine-4-yl)-1,4-dihydropyridine-3,5-dicar- 
boxylate: 

1) Synthesis of (3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 2,6-dimethyl-4-(pyridine-4-yl)-1 ,4-dihydropyridine-3,5-dicar- 
boxylate: 

[0180] The title compound was obtained from 465 mg (3.00 mmol) of 2-cyanoethyi acetoacetate, 655 mg (3.01 mmol) 
of cinnamyl 3-aminocrotonate and 0.285 ml (2.99 mmol) of 4-pyridylaWehyde in the same manner as that of Example 
1-1). 

Yield: 776 mg (1.75 mmol) (58.5 %). 
MS (ESI. mte) 442 (M-H)* 

1 H-NMR (CDCI3) : 2.38 (6H. s), 2.63 (2H, dt), 4.27 (2H, dt). 4.66-4.82 (2H. m). 5.05 (1 H. s). 5.96 (1 H. s). 6.23 (1 H. 
dt). 6.54 (1H. d). 7.23 (2H. d). 7.24-7.38 (5H. m). 8.45 (2H. d) 

2) Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyM-(pyridine-4-yl)-1 ,4-dihydropyridine-3.5-dicarboxylate: 

[0181] The title compound was obtained from 498 mg (1.12 mmol) of (3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 2,6- 
dimethyl-4-(pyridine-4-yl)-1,4-dihydropyridine-3,5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 351 mg (0.90 mmol) (80.3 %). 
MS (ESI, m/z) 389 (M-H)" 

1 H-NMR (DMSO-d 6 ) : 2.27 (3H. s), 2.31 (3H, s), 4.61-4.77 (2H, m), 4.95 (1H, s). 6.33 (1H. dt), 6.50 (1H, d), 7.16 
(2H,dd), 7.22-7.42 (5H, m), 8.40 (2H, dd), 8.94 (1H, s) 

Example 60 Synthesis of (3-phenyl-2-propene-1-yl) 5-acetyl-4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3- 
carboxylate: 

[0182] The title compound was obtained from 0.21 ml (2.05 mmol) of acetylacetone, 442 mg (2.04 mmol) of cinnamyl 
3-aminocrotonate and 0.23 ml (2.03 mmol) of 3-chlorobenzaldehyde in the same manner as that of Example 1-1). 

Yield: 383 mg (0.91 mmol) (44.7 %). 
MS (ESI, m/z) 420 (M-H)* 

1 H-NMR (CDCI3) : 2.17 (3H, s), 2.33 (3H. s). 2.37 (3H, s). 4.70-4.88 (2H, m). 5.05 (1H, s), 5.72 (1H, s), 6.30 (1H, 
dt), 6.62 (1H, d), 7.1 1-7.20 (3H, m), 7.23-7.41 (6H, m) 

Example 61 Synthesis of mono(3-phenyl-2-propene-1-yl) 2,6-dimethyl-4-(pyridine-2-yl)-1.4-dihydropyridine-3,5-dicar- 
boxylate: 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 2,6-dimethyl-4-(pyridine-2-yl)-1.4<lihydropyridine-3.5- 
dicarboxylate: 

[0183] The title compound was obtained from 472 mg (3.03 mmol) of 2-cyanoethyl acetoacetate, 660 mg (3.04 mmol) 
of cinnamyl 3-aminocrotonate and 0.285 ml (3.00 mmol) of 2-pyridylakJehyde in the same manner as that of Example 
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1-1). 

Yield: 484 mg (1 .09 mmol) (36.3 %). 
MS (ESI, m/z) 442 (M-H)* 

5 1 H-NMR (CDCI 3 ) : 2.28 (6H, s), 2.60 (2H, dt). 4.15-4.33 (2H, m), 4.62-4.78 (2H, m), 5.23 (1H, s), 6.22 (1 H, dt), 6.52 

(1H, d), 7.1 1-7.17 (1H, m), 7.22-7.38 (6H, m), 7.45 (1 H, d). 7.57 (1H, dt), 8.50 (1H, d) 

2) Synthesis ol mono(3-pheny!-2-propene-1 -yl) 2,6-dimethyl-4-(pyridine-2-yl)-1,4-dihydropyridine-3,5-dicarboxylate: 

10 [0184] The title compound was obtained from 468 mg (1 .06 mmol) of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 
2,6-dimethyl-4-(pyridine-2-yl)-1 ,4-dihydropyridine-3.5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 305 mg (0.78 mmol) (74.0 %). 
MS (ESI, m/z) 389 (M-H)" 

15 1 H-NMR (DMSO-d 6 ) : 2.23 (3H, s), 2.27 (3H, s). 4.58-4.77 (2H, m), 5.09 (1 H, s), 6.31 (1 H, dt), 6.52 (1 H, d), 7.08- 

7.42 (7H, m), 7.59 (1 H, dt), 8.42 (1 H, d), 8.75 (1 H, s) 

Example 62 Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(4-bromophenyl)-2,6-dimethyl-1,4-cfhydropyridine-3 t 5- 
dicarboxylate: 

20 

1) Synthesis of 5-(3-phenyl-2-propene-1-yl) 3-(2-cyanoethyl) 4-(4-bromophenyl)-2,6-dimethyM ,4-dihydropyridine-3.5- 
dicarboxylate: 

[0185] The title compound was obtained from 406 mg (2.62 mmol) of 2-cyanoethyl acetoacetate, 566 mg (2.60 mmol) 
25 of cinnamyl 3-aminocrotonate and 488 mg (2.64 mmol) of 4-bromobenzaldehyde in the same manner as that of Exam- 
ple 1-1). 

Yield: 709 mg (1.36 mmol) (52.3 %). 
MS (ESI, m/z) 519 (M-H)* 

30 1 H-NMR (CDCI3) : 2.25 (3H. s), 2.36 (3H, s), 2.62 (2H f dt), 4.25 (2H, dt). 4.63-4.82 (2H, m), 4.99 (1H, s), 5. 72 (1H, 
s), 6.20 (1H, dt), 6.48 (1H, d), 7.19 (2H, d), 7.23-7.36 (7H, m) 

2) Synthesis of mono(3-phenyl-2-propene-1 -yl) 4-(4-bromophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3,5-dicarboxylate: 

35 [0186] The title compound was obtained from 698 mg (1 .33 mmol) of 5-(3-phenyl-2-propene-1 -yl) 3-(2-cyanoethyl) 4- 
(4-bromophenyl)-2,6-dimethyl-1 ,4<lihydropyridine-3 p 5-dicarboxylate in the same manner as that of Example 3-2). 

Yield: 495 mg (1.06 mmol) (79.5 %). 
MS (ESI, m/z) 466 (M-H)" 

40 1 H-NMR (DMSO-de) : 2.24 (3 H, s), 2.23 (3H. s), 2.29 (3H, s), 4.56-4.78 (2H. m), 4.90 (1H, s), 6.29 (1 H, dt), 6.42 

(1H, d), 7.13 (2H, 6), 7.22-7.44 (7H, m). 8.83 (1H. s) 

Example 63 Synthesis of mono(3-(4-carboxyphenyl)-2-propene-1-yl) 4-(3-chlorophenyI)-2 I 6-dimethyl-1 ,4<Jihydropyrid- 
ine-3,5-dicarboxylate: 

45 

1) Synthesis of 5-(3-(4-(2-cyanoethyloxycarbonyl)phenyl)-2-propene-1 -yl) 3-(2-cyanoethyl) 4-(3-chlorophenyl)-2,6- 
dimethyl-l^-dihydropyridine-S.S-dicarboxylate: 

[0187] 307 mg (0.77 mmol) of 5-(2-propene-1-yl) 3-(2-cyanoethyl) 4-(3-chlorophenyi) -2 ,6-di methyl- 1 ,4-dihydropyrid- 
so ine-3,5-dicarboxylate, 278 mg (0.92 mmol) of 2-cyanoethyl 4-iodobenzoate, 1 9 mg(0.08 mmol) of palladium acetate and 
0.14 ml (1 .0 mmol) of triethylamine~were heated at 100°C under stirring in 5 ml of DMF over nightr Water was added to 
the reaction mixture. After the extraction with ethyl acetate, the organic layer was dried over anhydrous sodium sulfate 
and then concentrated under reduced pressure. The residue was purified by the silica gel chromatography (hexane / 
ethyl acetate = 2/1) to obtain the title compound. 

55 

Yield: 192 mg (0.33 mmol) (43.4 %). 
MS (ESI, m/z) 572 (M-H)* 

1 H-NMR (CDCI3) : 2.37 (3H t s), 2.39 (3H, s), 2.63-2.90 (4H, m). 4.22-4.58 (4H, m), 4.65-4.87 <2H, m), 5.03 (1 H, s). 



56 



EP 0 985 667 A1 



6.02 (1H, s), 6.35 (1H, dt), 6.50 (1H, d). 7.08-7.32 (5H, m), 7.41 (2H, d). 8.01 (2H ( d) 

2) Synthesis of mono(3-(4-carboxyphenyl)-2-propene-1-yl) 4-(3^hlorophenyl)-2,6-dimethyl-1,4<Jihydropyridine-3.5- 
dicarboxylate: 

[0188] 185 mg (0.32 mmol) of 5-(3-(4-(2-cyanoethyloxycaitoonyl)phenyl)-2-propene-1 -yl) 3-(2-cyanoethyl) 4-(3-chlo- 
rophenyl)-2,6-dimethyl-1 ,4-dihy^ in 10 ml of methanol. 1 ml of 1 N aqueous 

sodium hydroxide solution was added to the solution, and the obtained mixture was stirred at room temperature for 3 
hours. 2 N hydrochloric acid was added to the reaction mixture. Methanol was evaporated under reduced pressure. 
Water was added to the residue, and the solid was obtained by the filtration and then purified by thin layer silica gel chro- 
matography (hexane / ethyl acetate = 1/1) to obtain the title compound. 

Yield: 8 mg (0.02 mmol) (5.3 %). 
MS (ESI, m/2) 466 (M-H)' 

1 H-NMR (DMSO-d 8 ) : 2.26 (3H, s), 2.31 (3H, s), 4.52-4.82 (2H, m), 4.94 (1H, s), 6.42-6.55 (1H, m), 6.59 (1H, d), 
7.08-7.45 (5H, m). 7.48 (2H, d), 7.88 (2H, d). 8.89 (1 H, s) 

Example 64 Synthesis of mono(3-phenyl-2-propene-1-yl) 4-(3-methoxycarbonyl)-2,6-dimethyl-1,4<Jihydropyridine-3,5- 
dicarboxylate: 

[0189] 277 mg (0.569 mmol) of 5-(3-phenyl-2-propene«1-yl) 3-(2-cyanoethyl) 4-(3-carboxyphenyl)-2,6-dimethyl-1,4- 
dihydropyridine-3,5-dicarboxy!ate was dissolved in 1.45 ml of methanol. 0.725 ml of a solution of trimethylsilyldia- 
zomethane (1 mol/l) in hexane was added to the obtained solution, and they were stirred at room temperature overnight. 
Methanol was evaporated under reduced pressure. After the extraction with ethyl acetate, the organic layer was dried 
over anhydrous sodium sulfate and then concentrated under reduced pressure. The residue was dissolved in 5.7 ml of 
methanol. 0.57 ml of 1 N aqueous sodium hydroxide solution was added to the obtained solution, and they were stirred 
at room temperature for 3 hours. 2 N hydrochloric acid was added to the reaction mixture. Methanol was evaporated 
under reduced pressure. The residue was washed with water and hexane / ethyl acetate (1 :1) and dried under reduced 
pressure to obtain the title compound. 

Yield: 89 mg (0.198 mmol) (35 %). 

1 H-NMR (DMSO-d 6 ) : 2.26 (3H, s). 2.30 (3H, s), 3.76 (3H. s). 4.57-4.75 (2H. m), 4.99 (1H, s). 6.29 (1H. dt). 6.48 
(1H, d) t 7.24-7.47 (7H, m). 7.68-7.74 (1H, m). 7.81-7.84 (1H, m), 8.87 (1H. bs) 

Example 65 Synthesis of 5-(3-phenyl-2-propene-1 -yl) 4-(3-chlorophenyl)-2-ethyl-6-methyl-1,4-dihydropyridine-3,5- 
dicarboxylate: 

1) Synthesis of (2-trimethylsilylethyl) 3-oxovalerate: 

[0190] 1.26 ml (10.0 mmol) of methyl 3-oxovalerate. 2.87 ml (20.0 mmol) of 2-trimethylsilylethanol and 122 mg (1.0 
mmol) of 4-dimethylaminopyridine were heated under reflux in 20 ml of toluene overnight. A phosphate buffer solution 
was added to the obtained reaction liquid. After the extraction with ethyl acetate, the organic layer was washed with sat- 
urated aqueous salt solution and then dried over anhydrous sodium sulfate. The solvent was evaporated under reduced 
pressure, and the residue was purified by the silica gel chromatography (hexane / ethyl acetate =10/1) to obtain the title 
compound. 

Yield: 2.17 g (10.0 mmol) (100 %). 

1 H-NMR (CDCl 3 ): 0.03 (9H, s), 0.97-1.03 (2H, m) f 1.07 (3H, t), 2.56 (2H, q), 3.42 (2H, s). 4.08-4.14 (2H, m) 

2) Synthesis of 5-(3-phenyl-2-propene-1 -yl) 3-(2-trimethylsilyl ethyl) 4-(3-chlorophenyl)-2-ethyl-6-methyl-1 ,4-dihydropy- 
ridine-3,5-dicarboxyiate: 

[0191] 649 mg (3.0 mmol) of (2-trimethylsilylethyl) 3oxovalerate, 652 mg (3.0 mmol) of (3-phenyl-2-propene-1 -yl) 3- 
aminocrotonate and 0.340 ml (3.0 mmol) of 3-chlorobenzaldehyde were heated at 70°C under stirring in 1 5 ml of 2-pro- 
panol three nights. The solvent was evaporated under reduced pressure, and the residue was purified by the silica gel 
chromatography (hexane / ethyl acetate = 5/1) to obtain the title compound. 

Yield: 674 mg (1.26 mmol) (42 %). 
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MS (ESI, m/z) 536 (M-H)- 

1 H-NMR (CDCI3): 0.02 (9H, s), 0.87-1.07 (2H, m). 1.20 (3H, s), 2.35 (3H, s). 2.60-2.87 (2H, m), 4.14 (2H, t), 4.65- 
4.82 (2H, m), 5.06 (1H, s), 6.01 (1H, s), 6.24 (1H. dt), 6.55 (1H, d), 7.07-7.38 (9H, m) 

5 3) Synthesis of 5-(3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2-ethyl-6-methyl-1 ,4-dihydropyridine-3,5-dicarboxylate: 

[01 92] 674 mg (1 .26 mmd) of 5-(3-phenyl-2-propene-1 -yl) 3-(2-trimethylsilyl) 4-(3-chlorophenyl)-2-ethyl-6-methyl-1 ,4- 
dihydropyridine-3,5-dicarboxylate was dissolved in 3.78 m) of tetrahydrofuran. 3.78 ml of a solution of tetrabutylammo- 
nium fluoride (1 mol/l) in tetrahydrofuran was added to the obtained solution. They were stirred at 40 °C three nights. 
10 Tetrahydrofuran was evaporated under reduced pressure. Methanol and 2 N hydrochloric acid were added to the resi- 
due. Methanol was evaporated under reduced pressure. After the extraction with ethyl acetate, the organic layer was 
dried over anhydrous sodium sulfate, and then concentrated under reduced pressure. The residue was washed with 
hexane / ethyl acetate (1 :1) and dried under reduced pressure to obtain the title compound. 

15 Yield: 151 mg (0.344 mmol) (27 %). 

1 H-NMR (DMSO-d 6 ) : 1 .03-1 .19 (2H, m), 2.30 (3H, s), 2.60-2.77 (2H, m), 4.59-4.77 (2H, m), 4.92 (1 H, s), 6.33 (1 H, 
dt), 6.53 (1H, d). 8.86 (1 H, bs) 

[0193] The structural formulae of the compounds synthesized as described above are shown in the following Table 
20 together with Example numbers. 
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External solution for the determination of calcium electric current (mM): TEACI; 1 44, CsCI- 4 BaCIo • 1 8 MaCU • 
0.53. glucose: 5.5, HEPES; 5 (pH 7.4) ' ' 2 ' ' ' 9 2 ' 

Solution in patch electrode: CsCI; 140, MgCI 2 ; 5, CaCi 2 ; 0.28. HEPES; 10 (pH 7.2), EGTA; 5 (pH 7.2). 

3) Results: 

[0198] The electric current was induced by the depolarization for 50 ms, from the holding potential of-60 mV to the 
test potential of 0 mV. This test potential was the peak in the current/voltage relationship, and the inhibition effect was 
examined at this point at which the error by the drift of the holding potential was reduced. As Tsein et al reported the 
maxillary ganglion cells were substantially free of L-type component (not more than 5 %), and at least 85 % thereof 
comprised the N-type component After recording a calcium electric current for 5 continuous pulses the test compound 
was cumulatively added with concentrations of 0.1. 1 and 10 uM. The pretreatment time for the compound of each con- 
centration was 2 minutes. The inhibition activity of the dihydropyridine derivatives (1 uM) thus determined was 10 to 
70%. 

[0199] The results of the determination of the inhibition activity of the dihydropyridine derivatives (0.1 uM) are shown 
in Table 2. 



Table 2 



Example 


N-type inhibition 0.1 uM 
(%) 


L-type inhibition 100 nM 
(%) 


IC50. nM 


3 


47.49 


98 


6.3 (1.7) 


8 


31.45 


75 


32 (21) 


9 


21.34 


56 


82 (4.7) 


14 


28.56 


70 


50 (3.2) 


20 


24.29 


38 


250(53) 



[0200] It is apparent from the above-described facts that the new dihydropyridine derivatives have an excellent activity 
of inhibition of N-type calcium channel. The activity of inhibiting the L-type calcium channel of them was also examined 
to find that it was weak. 

[0201] The new dihydropyridine derivatives of the present invention had the activity of selectively inhibit the action of 
the N-type calcium channel. Therefore, the new dihydropyridine derivatives of the present invention are usable for the 
treatment of encephalopathies caused by the ischemia in the acute phase after the onset of cerebral infarction cerebral 
hemorrhage (including subarachnoidal bleeding) or the like; progressive neurodegenerative diseases; e.g. Alzheimer's 
disease; AIDS related dementia; Parkinson's disease; dementia caused by cerebrovascular disorders and ALS- neu- 
ropathy caused by head injury; sharp pain and a cold feeling caused by diabetes or thromboangitis obliterans; pain after 
an operation; various pains, e. g. migraine and visceral pain; bronchial asthma; various diseases caused by psycho- 
genic stress, e. g. unstable angina and hypersensitive colon inflammation; emotional disorder; and drug addiction with- 
drawal symptoms, e. g. ethanol addiction withdrawal symptoms. 

Claims 



Dihydropyridine derivatives of following general formula (1) or pharmaceutically acceptable salts thereof: 
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wherein R 6 , R 7 , R 8 , R 9 and R 10 may be the same or different from each other, and each represent hydrogen 
atom, a halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl 
group, a lower alkoxyl group, a lower alkenyl group, a lower alkynyl group, a lower alkylamino group, a lower 
alkylthio group, a lower alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy- 
lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl 
group, an aryl-lower alkoxyl group, a lower alkoxycarbonyl group or an aroyl group. 
X represents an interatomic bond, -CH 2 -. -CH 2 CH 2 -, - CH=CH- or -C^C-, and 
Y represents a group of any of following general formulae (4) to (13): 
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wherein two of R 1 to R 3 may be bonded together to form a ring. 

55 2. Dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 1 , wherein in general for- 
mula (2), R 1 , R 3 and R 5 may be the same or different from each other, and each represent hydrogen atom, a hal- 
ogen atom, hydroxyl group, carboxyl group, cyano group, nitro group, a lower alkyl group, a lower alkoxyl group, a 
halogeno-lower alkyl group or a lower alkoxycarbonyi group, and 
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R 2 and R 4 may be the same or different from each other, and each represent hydrogen atom, a halogen atom, 
hydroxyl group, carboxyl group, cyano group, a lower alkyl group, a lower alkoxyl group, a halogeno-lower alkyl 
group or a lower alkoxycarbonyl group. 

3. Dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 2, wherein D represents 
hydrogen atom, X represents an interatomic bond, and Y is represented by general formula (1 1). 

4. Dihydropyridine derivatives or pharmaceutical ly acceptable salts thereof stated in claim 3, wherein B is carboxyl 
group. 

5. Dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 2, wherein A is represented 
by general formula (2) wherein R 1 , R 3 , R 4 and R 5 each represent hydrogen atom, and R 2 represents chlorine atom, 
bromine atom, iodine atom or cyano group, B represents carboxyl group. C represents methyl group, D represents 
hydrogen atom, E represents methyl group, F represents phenyl group and X represents an interatomic bond. 

6. Dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 2. wherein A is represented 
by general formula (2) wherein R 1 , R 3 , R 4 and R 5 each represent hydrogen atom, and R 2 represents chlorine atom, 
bromine atom, iodine atom or cyano group, B represents carboxyl group, C represents methyl group, D represents 
hydrogen atom, E represents methyl group. F represents phenyl group and Y is represented by general formula 
(11). 

7. Dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 4, wherein A is represented 
by general formula (2) wherein R 1 , R 3 , R 4 and R 5 each represent hydrogen atom, and R 2 represents chlorine atom, 
bromine atom, iodine atom or cyano group. C represents methyl group, and E represents methyl group. 

8. Dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in daim 4, wherein A is represented 
by general formula (2) wherein R 1 , R 3 . R 4 and R 5 each represent hydrogen atom, and R 2 represents chlorine atom, 
bromine atom, iodine atom or cyano group, C represents hydrogen atom or methyl group, and F represents phenyl 
group. 

9. Dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 2, wherein A is represented 
by general formula (2) wherein R 1 , R 3 R 4 and R 5 each represent hydrogen atom, and R 2 represents chlorine atom, 
bromine atom, iodine atom or cyano group, B represents carboxyl group. C represents methyl group, E represents 
methyl group, F represents phenyl group, X represents an interatomic bond and Y is represented by general for- 
mula (11). 

1 0. Dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 4, wherein A is represented 
by general formula (2) wherein R 1 , R 3 R 4 and R 5 each represent hydrogen atom, and R 2 represents chlorine atom, 
bromine atom, iodine atom or cyano group, E represents methyl group, and F represents phenyl group. 

1 1 . Dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 3. wherein A is represented 
by general formula (2) wherein R\ R 3 , R 4 and R 5 each represent hydrogen atom, and R 2 represents chlorine atom, 
bromine atom, iodine atom or cyano group, C represents methyl group, E represents methyl group, and F repre- 
sents phenyl group. 

12. Dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 4, wherein C represents 
methyl group, E represents methyl group, and F represents phenyl group. 

13. Dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 12, wherein A is repre- 
sented by general formula (2) wherein R 1 , R 3 , R 4 and R 5 each represent hydrogen atom, and R represents chlo- 
rine atom, bromine atom, iodine atom or cyano group. 

1 4. Dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 1 . wherein A is represented 
by general formula (2) wherein R 1 and R 3 may be the same or different from each other, and each represent hydro- 
gen atom, halogen atom, hydroxyl group, amino group, nitro group, a lower alkyl group, a lower alkoxyl group, a 
lower alkenyl group, a lower alkylamino group, a lower alkylthio group, a lower alkanoyl group, a hydroxy-lower alkyl 
group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a halogeno-lower alkyl group, a halogeno- 
lower alkenyl group, an aryl-lower alkoxyl group or an aroyl group, and 
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R 2 represents hydrogen atom, a halogen atom, hydroxyl group, amino group, a lower alkyl group, a lower 
alkoxyl group, a lower alkenyl group, a lower alkylamino group, a lower alkylthio group, a lower alkanoyl group, 
a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a halogeno-lower 
alkyl group, a halogeno-lower alkenyl group, an aryl-lower alkoxyl group or aroyi group; R 4 and R each repre- 
sent hydrogen; and two of R 1 to R 3 may be bonded to form a ring, 
B represents carboxyl group, C represents methyl group, 

D represents hydrogen atom, a lower alkyl group, a hydroxy-lower alkyl group or an aryl-lower alkyl group. E 
represents methyl group, F represents a group of general formula (3) wherein R 6 , R . R . R and R may be 
the same or different from each other, and each represent hydrogen atom, a halogen atom, hydroxyl group, 
amino group, nitro group, a lower alkyl group, a lower alkoxyl group, a lower alkenyl group, a lower alkylamino 
group, a lower alkylthio group, a lower alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl 
group! a hydroxy-lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkenyl group, a halog- 
eno-lower alkoxyl group, an aryl-lower alkoxyl group or an aroyl group, 

X represents an interatomic bond, and Y represents a group of any of formulae (5), (11) or (1 2). 
15. Dihydropyridine derivatives of following general formula (1) or pharmaceutical^ acceptable salts thereof: 



A 

i 



X o 




wherein A represents a group of following general formula (2). 1-naphthyl group, 2-naphthyl group, thiophene-3-yl * 
group, thiophene-2-yl group, furan-3-yl group, f uran-2-yl group, pyridine-4-yl group, pyridine-3-yl group or pyridine- 
2-yl group: 



R 3 




wherein R 1 . R 2 . R 3 , R 4 and R 5 may be the same or different from each other, and each represent hydrogen atom, 
a halogen atom, hydroxyl group, carboxyl group, cyano group, nitro group, a lower alkyl group, a lower alkoxyl 
group, a halogeno-lower alkyl group or a lower alkoxycarbonyl group, with the proviso that either R or R must be 
nitro group, 
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B represents carbamoyl group, nitro group or acetyl group, 

C represents hydrogen atom, methyl group, ethyl group or dimethoxymethyl group, 

D represents hydrogen atom, a lower alkyl group, a hydroxy-lower alkyl group or an aryl-lower alkyl group, 

E represents hydrogen atom, methyl group, ethyl group, dimethoxymethyl group or cyano group. 

F represents a group of general formula (3), cyclohexyl group, thiophene-3-yl group, thiophene-2-yl group, 

furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group or pyridine-2-yl group, 



wherein R 6 , R 7 , R 8 , R 9 and R 10 may be the same or different from each other, and each represent hydrogen 
atom, a halogen atom, hydroxyl group, carboxyl group, a lower alkyl group, a lower alkoxyl group or a lower 
alkoxycarbonyl group, 

X represents an interatomic bond. -CH 2 -. -CH 2 CH 2 -. - CH=CH- or -C-C-. and 
Y represents a group of any of following formulae (4) to (1 2) : 




(3) 
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wherein two of R 1 to R 3 may be bonded together to form a ring. 



16. An N-type calcium channel antagonist containing a dihydropyridine derivative of following general formula (1) 
pharmaceutical^ acceptable salt thereof as the active ingredient: 
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A 
I 




wherein A represents a group of following general formula (2), 1-naphthyl group. 2-naphthyl group, thtophene-3-yl 
group, thiophene-2-yl group, furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group or pyridine- 
2-yl group: 



R 3 




R 1 , R 2 , R 3 , R 4 and R 5 may be the same or different from each other, and each represent hydrogen atom, a 

halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl group, a 

lower alkoxyl group, a lower alkenyl group, a lower alkynyl group, a lower alkylamino group, a lower alkylthio 

group, a lower alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower 

alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl group, 

an aryl-lower alkoxyl group, a lower alkoxycarbonyl group or an aroyl group, 

B represents carbamoyl group, cyano group, nitro group, acetyl group or carboxyl group, 

C represents hydrogen atom, methyl group, ethyl group or dimethoxymethyl group, 

D represents hydrogen atom, lower alkyl group, hydroxy-lower alkyl group or aryl-lower alkyl group, 

E represents hydrogen atom, methyl group, ethyl group, dimethoxymethyl group or cyano group, 

F represents a group of general formula (3), cyclohexyl group, thiophene-3-yl group, thiophene-2-yl group. 

furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group or pyridine-2-yl group. 
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wherein R 6 , R 7 , R 8 , R 9 and R 10 may be the same or different from each other, and each represent hydrogen 
atom, a halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl 
group, a lower alkoxyl group, a lower alkenyl group, a lower alkynyl group, a lower alkylamino group, a lower 
alkylthio group, a lower alkanoyl group, a hydroxy-lower alkyl group, a hydrcocy-lower alkoxyl group, a hydroxy- 
lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl 
group, an aryl-lower alkoxyl group, a lower alkoxycarbonyl group or an aroyl group. 
X represents an interatomic bond, -CH r , -CH 2 CH 2 -, - CH=CH- or -C=C-, and 
Y represents a group of any of following formulae (4) to (16): 
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wherein two of R 1 to R 3 may be bonded together to form a ring. 
17. The N-type calcium channel antagonist stated in claim 16, wherein 
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R 1 , R 2 , R 3 , R 4 and R 5 in general formula (2) may be the same or different from each other, and each represent 
hydrogen atom, a halogen atom, hydroxy! group, carboxyl group, cyano group, nitro group, a lower alkyl group, 
a lower alkoxyl group, a halogeno-lower alkyl group or a lower alkoxycarbonyl group. 

18. The N-type calcium channel antagonist stated in claim 17, wherein D represents hydrogen atom, X represents an 
interatomic bond, and Y is represented by general formula (11). 

19. The N-type calcium channel antagonist stated in claim 18, wherein B represents carboxyl group. 

20. The N-type calcium channel antagonist stated in claim 1 9, wherein A is represented by general formula (2) wherein 
R\ R 3 , R 4 and R 5 each represent hydrogen atom, and R 2 represents chlorine atom, bromine atom, iodine atom 
or cyano group. C represents methyl group, E represents methyl group and F represents phenyl group. 

21. The N-type calcium channel antagonist stated in claim 19, which contains a dihydropyridine derivative or a phar- 
maceutically acceptable salt thereof, wherein A is represented by general formula (2) wherein R , R , R and R 
each represent hydrogen atom, and R 2 represents nitro group, C represents methyl group, E represents methyl 
group and F represents phenyl group. 

22. The N-type calcium channel antagonist stated in claim 16 wherein A is represented by general formula (2) wherein 
R 1 and R 3 may be the same or different from each other, and each represent hydrogen atom, a halogen atom, 
hydroxy! group, amino group, nitro group, a lower alkyl group, a lower alkoxyl group, a lower alkenyl group, a lower 
alkylamino group, a lower alkylthio group, a lower alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower 
alkoxyl group, a hydroxy-lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkoxyl group, a hal- 
ogeno-lower alkenyl group, an aryl-lower alkoxyl group or an aroyl group; R 2 represents hydrogen atom, a halogen 
atom, hydroxyl group, amino group, a lower alkyl group, a lower alkoxyl group, a lower alkenyl group, a lower 
alkylamino group, a lower alkylthio group, a lower alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower 
alkoxyl group, a hydroxy-lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkoxyl group, a hal- 
ogeno-lower alkenyl group, an aryl-lower alkoxyl group or an aroyl group; R 4 and R 5 each represent hydrogen 
atom; and two of R 1 to R 3 may be bonded together to form a ring; B represents carboxyl group; C represents methyl 
group; D represents hydrogen atom, a lower alkyl group, a hydroxy-lower alkyl group or an aryl-lower alkyl group; 
E represents methyl group; F is represented by general formula (3) wherein R 6 , R , R , R and R 1 may be the 
same or different from each other, and each represent hydrogen atom, a halogen atom, hydroxyl group, amino 
group, nitro group, a lower alkyl group, a lower alkoxyl group, a lower alkenyl group, a lower alkylamino group, a 
lower alkylthio group, a lower alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy- 
lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkenyl group, a halogeno-lower alkoxyl group, 
an aryl-lower alkoxyl group or an aroyl group; 

X represents an interatomic bond; and Y represents a group of general formula (5), (1 1) or (12). 

23. A medicine containing a dihydropyridine derivative of following general formula (1) or a pharmaceutical^ accepta- 
ble salt thereof as the active ingredient, and usable for any of encephalopathies caused by the ischemia in the 
acute phase after the onset of cerebral infarction or cerebral hemorrhage; Alzheimer's disease; AIDS related 
dementia; Parkinson's disease; progressive neurodegenerative disease, neuropathy caused by head injury; sharp 
pain caused by thromboangitis obliterans; pain after an operation; migraine; visceral pain; bronchial asthma; unsta- 
ble angina; hypersensitive colon inflammation; and drug addiction withdrawal symptoms: 
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A 



B 



C 




NT E 



O 



Y 



F 



(1) 



D 



wherein A represents a group of following general formula (2), thiophene-3-yl group, thiophene-2-yl group, furan-3- 
yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group or pyridine-2-yl group: 



wherein R 1 , R 2 , R 3 , R 4 and R 5 may be the same or different from each other, and each represent hydrogen atom, 
a halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl group, a lower 
alkoxyl group, a lower alkenyl group, a lower alkylamino group, a lower alkylthio group, a lower alkanoyl group, a 
hydroxy-lower alkyl group, a hydroxy-lower alkoxyl, a hydroxy-lower alkenyl, a halogeno-lower alkyl group, a halog- 
eno-lower alkoxyl group, a halogeno-lower alkenyl group, an aryl-lower alkoxyl group, a lower alkoxycarbonyl group 
or an aroyl group, 

B represents carbamoyl group, cyano group, nitro group, acetyl group or carboxyl group, 

C represents hydrogen atom, methyl group, ethyl group or dimethoxymethyl group, 

D represents hydrogen atom, a lower alkyl group, a hydroxy-lower alkyl group or an aryl-lower alkyl group, 

E represents hydrogen atom, methyl group, ethyl group, dimethoxymethyl group or cyano group, 

F represents a group of general formula (3), cyclohexyl group, thiophene-3-yl group, thiophene-2-yl group, 

furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group or pyridine-2-yl group, 




(2) 
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wherein R 6 , R 7 , R 8 , R 9 and R 10 may be the same or different from each other, and each represent hydrogen 
atom, a halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl 
group, a lower alkoxyl group, a lower alkenyl group, a lower alkylamino group, a lower alkylthio group, a lower 
alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a 
halogeno-lower alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl group, an aryl-lower 
alkoxyl group, a lower an alkoxycarbonyl group or an aroyl group, 
X represents an interatomic bond, -CH 2 -, -CH 2 CH 2 -. - CH=CH- or -C-C-, and 
Y represents a group of any of following formulae (4) to (16): 
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wherein two of R 1 to R 3 may be bonded together to form a ring. 

24. The medicine stated in claim 23, wherein R 1 . R 2 , R 3 . R 4 and R 5 in general formula (2) may be the same or different 
from each other, and each represent hydrogen atom, a halogen atom, hydroxyl group, carboxyl group, cyano group, 
nitro group, a lower alkyl group, a lower alkoxyl group, a halogeno-lower alkyl group or a lower alkoxycarbonyl 
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group. 

25. The medicine stated in claim 24, wherein B represents carboxyl group, D represents hydrogen atom, X represents 
an interatomic bond, and Y is represented by general formula (1 1). 

26. The medicine stated in claim 23 wherein A is represented by general formula (2) wherein R 1 and R 3 may be the 
same or different from each other, and each represent hydrogen atom, a halogen atom, hydroxyl group, amino 
group, nitro group, a lower alkyl group, a lower alkoxyl group, a lower alkenyl group, a lower alkylamino group, a 
lower alkylthio group, a lower alkanoyi group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy- 
lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkoxyl group, an aryl-lower alkenyl group or 
an aroyl group; 

R 2 represents hydrogen atom, a halogen atom, hydroxyl group, amino group, a lower alkyl group, a lower 
alkoxyl group, a lower alkenyl group, a lower alkylamino group, a lower alkylthio group, a lower alkanoyi group, 
a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a halogeno-lower 
alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl group, an aryl-lower alkoxyl group or an 
aroyl group; R 4 and R 5 each represent hydrogen atom; and two of R 1 to R 3 may be bonded together to form a 
ring); B represents carboxyl group; C represents methyl group; D represents hydrogen atom, a lower alkyl 
group a hydroxy-lower alkyl group or an aryl-lower alkyl group; E represents methyl group; F is represented by 
general formula (3) wherein R 6 , R 7 . R 8 . R 9 and R 10 may be the same or different from each other, and each 
represent hydrogen atom, a halogen atom, hydroxyl group, amino group, nitro group, a lower alkyl group, a 
lower alkoxyl group, a lower alkenyl group, a lower alkylamino group, a lower alkylthio group, a lower alkanoyi 
group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a halogeno- 
lower alkyl group, a halogeno-lower alkenyl group, a halogeno-lower alkoxyl group, an aryl-lower alkoxyl group 
or an aroyl group; 

X represents an interatomic bond; and Y represents a group of general formula (5). (1 1) or (12). 

27. A medicinal composition containing a dihydropyridine derivative or a pharmaceutical^ acceptable salt thereof 
stated in claim 1 and a carrier and/or a diluent 

28. A medicinal composition containing a dihydropyridine derivative or a pharmaceutical^ acceptable salt thereof 
stated in claim 2 and a carrier and/or a diluent 

29. A medicinal composition containing a dihydropyridine derivative or a pharmaceutical^ acceptable salt thereof 
stated in claim 3 and a carrier and/or a diluent. 
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